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(5©Tifle: RECEPTOR FOR ONCOSTAHN M AND LEUKEMIA INHIBITORY FACTOR 
(57) Abstract 

A receptor protein comprising a gpl30 polypeptide linked to a single-chain leukemia inhibitory factor receptor (LIF-R) 
OOlvpcTrtlde Is capable of binding both oncostatin M and leukemia inhibitory factor (UF). The receptor ^protein binds UF with 
™ator affinity than rfoec the single-chain LIF-R polypeptide alone. The receptor may be produced asa fusion protein in recom- 
binant cells. The gpl30 polypeptide binds oncosiatin M, but with lower affinity than does the inventive receptor protem- 
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fTTLE 



Receptor for Oncostadn M and Leukemia Inhibitory Factor 



pAPKnttOiJ> m nv the INVENTION 



Receptors that bind specific molecules (e.g„ a hormone, drug, cytokine, or 
biochemical) have been identified on a multitude of cell types. Receptors arc found on 

15 the cell surface or, in the case of Boluble receptors, are released into the serum. Effort 
has been directed toward Isolation and characterization of a number of receptors in 
order to study their physiological roles and to explore possible therapeutic uses. The 
binding of a particular target molecule by a soluble receptor administered to a patient 
may alleviate disorders mediated by the target molecule. 

20 Certain receptors have been found to comprise two separate polypeptide chains 

associated in the form of a complex. Such two-chain receptors often bind the target 
molecule with greater affinity than thai exhibited by one of the chains alone. 

Leukemia inhibitory factor (LIF) is a polypeptide hormone that plays a central 
role in the regulation of diverse adult and embryonic systems. LIF acts on a variety of 

25 cell types and has multiple biological activities. The diversity in biological activity is 
reflected in die various synonyms of LIF, which include hepatocyte stimulating factor 
UI (Baumann and Wong, J. Immunol. 143:1163 [1989]); cholinergic nerve 
differentiation factor (Yamamori et al. Science 246: 1412 [1990]); melanoma-derived 
lipoprotein lipase inhibitor (Mori et ^Biochem. Biophys. Res. Comm. 760:1085 

30 [1989]); human interleukin for DA cells (Moreau ?t al., Nature. 336:690 [1988]); 
differentiation factor CTomida et aL, J. Biol. Chem. 259:10912 [1984]); differentiation 
inhiWtory factor (Abe et al.. J. Biol. Chem. 264; 8941 [1989]); differentiation 
inhibitory activity (Smith and Hooper, 2W Biol;. 121:1 [1987]); and differentiation 
retarding factor (Koojanan and Cotton, Exp. Cell. Res. 154-233 [1984]. 

33 The cloning of a leukemia inhibitory factor receptor (LTP-R) has been reported 

by Gearing et al. in EMBO J. 10-3X39 (1991). This recombinant single-chain LIF-R 
polypeptide binds LIF, but with lower affinity than the naturally occurring UF 



2004* 4A16B M5*0 SHIMIZU PATENT OFFICE NO. 79bb H. 10/ 

PCT/US92/10272 

WO 93/10151 

, ^mL* tmnnr-derlved and normal =dl line* Oncostann M * ,«*»d by 
S^J ^™ A oombe r of cell types have been found to bind the 

activated lynxpnam ecus. auuiuw " . 40*2 

^^Mpotdn. See. for esanrple, U-lcy « al. J. ^ C *?l** f£ 
098JJ. However, <i* M*. »« ck^c^ata, of an ortcosatrnM receptor *«• 
not been reported- 

10 flTTMMrtiry OF TffF TNVF,NTTQN _ . 

^pxesenrinvention provides a receptor that has fcepropeny 

onooroo^ ^Wv} » leukemia inhibitory factor receptor (LIF-K). The 

Unied (Preferably covalently) » «v polypeptide by any suitable 
15 gpl30 polypeptide may be covaMy Imksd to P ^ M * 

t2 ,o7 S y ^ — M or LIF may be treated by 

20 jflBctedwifliw* adtioider. 

H^re 1 a ^W>t| thajesuha of an LIF binding assay. Hostcelb 

35 ^ " « the results of an oncostarm M 

Host cefl^nsfeoed with veaorC) encoding spl30 were assayed for the 

BKBr.tobmdonMSmtinM.MdKoibedtoeXiirflllei u _ 

^Bisa^depSataglow^Kr^ef^o^Mmhostcdl. 

-r _ a ~w> . ™i30 encodini! egression vector. as desafljedin ossmpleZ. 
30 mnsfeacd with a gpl30 enewmg "J""*"" invention wherein PC 

Hgoe4sd»rrMlcimydepicBarec9torortiiepi»cmm 

polypeptide, daived fiom m amibody «re t^ «> Bnt t gplSO fragment » an UF-R 
^^"Sgure 3 present, composite DNA and eroded amino add science, <* • 
TMSl^ps.tioteclc.veje stela =^ 

^^M-HM- Potenrlal N-llnked glycogen aites ar. ma*ed wirh 
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asterisks. Hallmark residues associated with the hematopoietin family of receptors are 
jshown boxed. The horizontal arrow marks the point at which genomic sequence was 
used 10 derive the 3' coding region of LIF-R, since the cDNA clones employed in 
determining this sequence terminated with a stretch of A nucleotides ai this point. 
5 Figure 6 presents the DNA and deduced amino add sequences of cloned gpl30 • 

cDNA as reported by Kbi et al. in Cell 63:1149 (1990). A piedicted signal sequence is 
underlined. The thick underline indicates a presumed transmembrane region. The sets 
of asterisks identify possible N-glycosyladon sites. 

" Figure 7 presents Scatchard analyses that demonstrate the interaction of a 
10 soluble gpl30/Fc fusion protein with soluble OF-R/Fc in binding UF and oncostatin 
M, as described in example 7. 

ft»TAn.im pp^ifflmnM nF thk TNVF.NTIQN 
15 The present invention provides a receptor comprising gpl30 covalently linked 

to leukemia inhibitory factor receptor (UF-R). In another embodiment of the 
invention, the receptor comprises gpl30 non-covalcntly complexed with LIF-R. The 
receptor is capable of binding oncostatin M, and also binds leukemia inhibitory factor 
OJF). The receptor thus is useful fox treating disorders mediated by either oncostatin 
20 MorLIF. 

The gplSO may be covalcndy linked to the LIF-R by any suitable means, such 
as via a cross-linking reagent or a polypeptide linker. The gpl30 and LIF-R proteins 
are covalently linked in a manner that docs not interfere with the resulting receptor's 
ability to bind oncostatin M and UF. In one embodiment of the invention, the receptor 

25 Is a fusion protein produced by recombinant DNA technology. 

Non-covalent bonding of gpl30 to LIF-R may be achieved by any suitable 
means that does not interfere with the receptor's ability to bind oncostatin M and UF. 
In one approach, a first compound is attached to LIF-R and a second compound that 
will non-covalently bond to the first compound is attached to gpl30. Examples of 

30 such compounds are biotin and avidin. The receptor is thus formed through the non- 
covalent interactions of biotin with avidin. In one embodiment of the invention, LIF-R 
and gp!30 arc recombinant polypeptides, each purified from recombinant cells and then 
noiwawalenfly bonded together to form the receptor. A host cell may be transformed 
with two different expression vectors such that both LIF-R and gpI30 are produced by 

35 the recombinant host cell. LIF-R and gpl30 (one or both of which aw soluble 
fragments as described below) produced by such transformed host cells may associate 
to form a complex through non-covalent interactions. 
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nLeuW inhibitory factor receptor" OJP*> refer, to n protein (a cytokine 
receptor) th* is present on the surface of various hernatopedetic cells toeing 

-* -gafcaryocytes. and on non-b^cn^ 
JZl osteoblasts, placental rrophoblasts, and liver pa^chymal cells IN » 
5 ca^of Hnding leukemia inhibitory factor (LIF) molecule and plays a role in 
5 S£ the 4al Provided by L1F to a celL In the absence of any sped* 
^^I^Rxefexsgen^ 

limited to. hnrnan rmrrine, and bovine L1F-& ^nniwi 

lie cloning of human and murine leukemia inMWtoiy factor *«^j^ R) ' 
10 each a polypeptide chain, ha, been reported by Gearing et^in EMBO J^ 
Jft2ffl9 aW&* * incorporated by xeference in its enwety. IhcDNA 
^e^anl^KcDNAclonc and the amino acid ^™~<^* 
T!l ™ SEO ID NO 5 and SEQ ID NO: 6. "mis cloned human cDNA encodes an 

add nl nnb^790 ofSEQmNaSandapontonoftte cju^mc 

of m e *^n. tactadc emino ^ encoded by apoly-A "V""* 

a Tilacrnld vector containing me Tibow-cescnocu cwucu 

andba, beat t^fnE. cShceell. 
r~f^T^ccd» co December 11. 1»0 (ATCC DO 68491). Tto 

25 ^ S amino add seqneno* of a Ml length native hum,* UHI C^"™ 5 * 

^cdtator »«ion of UF-R (the domain believed to be icponsMe for th. UF- 

^ZZrtWO M ccennin* high a^tvUF^ on ™^ 
^Ling « aL, W~ 4*1. 1992) bat old not Und to fee ebove-desonbod 

donedUF-Rejpressedta COS cells. . 

35 L.o^toiaverfg^.he^eexl^ofaaW^eo.v^ 

• t aI^ibrthedo»e4 S ln tte ^yP^^^^^^ CW ^^ 
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cDNA library (also contained in an expression vector). The co-transfected cells were 
assayed for the ability to bind radiolabeled oncostatin M. 

A positive cDNA pool was subdivided and the procedure repeated to isolate a 
Single cDNA clone designated B10G that conferred the ability to bind oncostadn M on 
5 cells co-transfected with B10G znd the 1JF-R encoding plasmid pHLIFR-65. The CO- 
transfecied cells also were found to bind UF with higher affinity than cells transfected 
with pHUER-65 alone. Host cells transfected with B10G alone exhibited low affinity 
oncostatin M binding sites. The BlOG cloned cDNA was sequenced and found to 
encode a protein that is known as gpl30. 

10 Thus, it has now been found thai a receptor comprising both LTF-R and gpl30 

binds UF with higher affinity than does the single-chain LIF-R polypeptide alone. The 
improved UF binding of LIF-R in rombinarion with gpl30 is described in example 1 
below and depicted in Figure 1. 

Although UF does not bind xo either high- or low-affiniry oncostarin M 

15 receptors, it has now been found that oncostatin M binds to the receptors of the present 
invention comprising LTF-R and gpl30. Oncostatin M binding is described in example 
2 below and depicted in Figure 2. 

• A protein known as gpl30 has been purified from cellular sources that include 
• placental tissue and a myeloma cell line U266. A number of additional cell types have 

20 been found to express gpl30 mRNA, as reported by Hibi et al., in Cell 63:1149 
(1990). gpl30 has been reported to be involved in the formation of high affinity 
toterleukin-6 binding sites and in IL-6 signal transduction (Hibi et al. supra). The 
cloning and expression of cDNA encoding a full length gpl30 protein has been 
opened by Hibi et al., supra, which is hereby incorporated by reference in its entirely. 

25 The DNA and deduced amino acid sequences reported by Hibi et al. for the gpl30 
cloned cDNA are presented herein in figure 6. The gpl30 amino acid sequence may 
vary from that reported by Hibi et al., e.g., leucine may be substituted for valine at 
position 8 in the signal sequence (numbering is as shown in Figure 6). This amino acid 
substitution may be attributable to genetic polymorphism (allelic variation among 

30 individuals producing the protein), and results from the presence of C rather than G at 
nucleotide position 22. 

As used herein, the term LIF-R includes variants and truncated forms of native 
LIF-R proteins that possess the desired LTF-binding or signal transducing activity. 
Likewise, the term gpl30 as used herein Includes variants and truncated forms of the 

35 native gpl30 protein that retain the desired biological activity. For gpl30, the desired 
biological activity includes binding of oncostatin M; conferring on the inventive 
receptor the ability to bind oncostatin M; and increasing the affinity of the inventive 
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receptor for UP. compared to the L3F binding affinity of the ringle^in UF* 
polypeptide alone. Specifically included are truncated, soluble or fusion forms of IJF- 
R and gpl30, as described below. Variants produced by adding, substituting, or 
dieting amino acid(s) in the native sequence are discussed In more detail below. 

mc cDNA done designated pBUF-R-65 (SEQID NO: 5). as described by ptaxmg ct 
aU^andin example 3 below. Altcrnarrvdy, ^fragment comprising armno andsl 
xo 945 of SEQID NO:5 may be employed. Amino arid 943 is the last UF-R-^ccrfic 
anano add of the polypeptide encoded by done pHUF-R-65, before lie poly^A 
Budeod&aegmentbeKeved toi^tfromoligoCdT) priming at an internal site m the 
mRNA durinfi preparation of the hI2F-R cDNA. (See Gearing et aL, EMBOJ^ ^ra. 



10 



ai page 2B40, column one.) . , . 

Other examples of Lff-R polypeptides that may be wnployed in the mvennve 
receptors include those lacking all or part of the transmembrane region ox «c 
15 cvtopfcsmic domain of the protein. Suable LIF-R polypeptides thus indnde those 
coBttining amino acids 1* or. when the signal sequence Is not desired, ammo acids 
45-x of the full length UP-R sequence depicted in Figure 5, wherein x represents an 
integer from 833 to 1096. Amino acid number 833 is the last amino acid of me 
exwxWzi domain (Lc, before the start of the trar^embrane region.) ^ypeptides 
20 tenmnaring in amino add number 1096 lack the last C-terminaJ amino aod of the full 
jength protein. The desirability of induding the signal sequence depends on such 
fectots as the position of UF-R in a fusion protein, as discussed below, and the 
intended host cells when the receptor is to be produced via recombinant DNA 
Kchndogy- Note tltfttiienumberine of ammo ac^ 
25 aL supr<£) differs from that of SEQID NO: 5 because the first amino add of the signal 
whence is designated amino .add number 1 in Hgure 5 but is designated -44inSEQ 
ID NO- 5. Other polypeptides may be chosen with regard to sequences that are 
conserved in the hematopolerin receptor family. O-C chosen to include the boxed 

sequeoceCs) shown in Hgure 50 

30 One example of a suitable gpl30 polypeptide is mar encoded by cDNA cloned 

into plasmid vector pDC303 to produce e plasmid designated BlOG. The source of 
mRNA used in producing the cDNA was human placental tissue. Plasmid BlOG in E. 
coB strain DH5o host cells was deposited with the American Type Culture Collection, 
Rockvffle, Maryland, on November 14. 1991. and assigned ATCC accession number 

35 68827 

The DNA sequence of the gpl30 cDNA contained in plasmid BlOG and the 
ammo acid sequence of the gpl30 piotem e^ 



2004MJ1KB SHIMIZU PATENT OFFICE NO. 7955 P. 15/M 

■ t 

WO93/10151 PCT/US92/,0272 

7 

SEQ ID NO; 1 and SEQ ID NO: 2. The protein comprises (in order from the N- 
lerminuS to the C-terniinus) a 22-araino acid signal sequence, complete extracellular 
domain (amino acids 1-597), a transmembrane region (beginning with amino acid 598% 
and a parrial cytoplasmic domain (amino acids 621-686). This truncated gpl30 
5 polypeptide differs from the equivalent portion of the Hibi et al. protein in that the 
eighth amino acid of the signal sequence is leucine rather than valine, as discussed 
above. 

Another example of a suitable gpl 30 polypeptide comprises amino acids 1 to 
496 of the SEQ ID NO: 1, which includes all of the cysteine residues found in the 
10 exrracellular doniain of the protein, and also contains a complete fibronecrin domain. 
Additional examples of gpl30 polypeptides are those comprising amino acids 1-298 or 

98-298 of SEQ ID NO: 1. 

Other gpl30 polypeptides lacking all or pan of the transmembrane region and/or 

cytoplasmic domain may be employed. Suitable gpl30 polypeptides thus include those 
15 containing amino adds 1-x or, when the signal sequence is not desired, amino acids 
23-x of the Figure 6 sequence, wherein x represents an integer from 619 to 917. The 
first amino acid of the transmembrane region is the alanine residue at position 620 in 
Figure IS. Polypeptides terminating at anrino acid 917 lack the last C-ternrinal amino 
acid of the fall length protein presented in Figure 6. Note that the numbering of amino 
20 acids in Figure 6 (taken from Hibi et aL. suprfi differs from that shown in SEQ ID NO: 
1 and N02 because the first amino acid of the signal sequence is designated amino acid 
number 1 to Figure 6 but is designated -22 In SEQ ID NO: 1. Regions of the gpl30 
protein corresponding to domains that are conserved among certain receptors axe 
discussed by Hibi et al, supra, at pase 1130, column 2, and page 1151. column 1. 
25 Other truncated gpl 30 polypeptides chosen to include these conserved regions may be 
employed. 

Preferred UF-R and gpl 30 polypeptides are those which are soluble. In one 
embodiment of the present invention, the receptor comprises soluble UF-R covalcntiy 
attached to soluble gpl30. "Soluble UF-R" as used in the context of the present 

30 invention refers to polypeptides that are substantially similar in amino acid sequence to 
all or pan of the extracellular region of a native UF-R and that, due to the lack of a 
transmembrane region that would cause retention of ihe polypeptide on a cell 
membrane, are secreted upon expression. The soluble UF-R polypeptides that may be 
employed retain the ability to bind UP or. by competitively binding UF. inhibit UF 

35 signal transduction activity via cell surface bound UF-R proteins. Soluble UF-R may 
also include part of the transmembrane region or pan of the cytoplasmic domain or 
other sequences, provided that the soluble UF-R protein is capable of being secreted. 
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« i„M. m w as used herein refers to proteins thai are 
Likewise, the term "soluble gpl3U as usee uw* * . . 

u It* rimilarm amino ac^ 
^faplSOma^ 

^h^^ound counterparts) by separa** 
^ the desired protein *om the culture — 
^ving the medium Csupenaiam) for thoprwcncc of the desired proton. 

~, be us ld using procedures which are similar or identical to those 
medium may be assayea n»»s i* «tt TP Ti or col30 in the medium 

described in the examples below. The presence of LIF-R or gp!3U » xn 

•dlcatesthat the protein was secreted from the cells and thus is a s 

u^pm^S^ 

Oonina of a naturaHy-oconiin£ soluble murine LJF-R is leponed m 
thec protons. a °^ S f*^ feints of UF-R and gp!30 proteins 

Gearing et aL, sipra. Alternatively, somw© n»6« . , , described 

J^pxoducedby recombinant DNA technology or othcrwtse isolated, as described 

bdOW " The use of soluble forms of LIF-R and spl30 is advamaseous f ~ cenam 
ine ubo wi. recombinant host cells is fanhtated. 

applications- P«M«ta. « 
„ tll _ so i n Me proteins are secreted from the ceils, runner, o« r 

rhindino LIF and oncostarin M) in ihe bloodsncam. 

the signal sequence and 

^ e^u^r^nCino adds -44 to 789 of SEQID NO: 5) or lackmg the 
earn* extracellular aonmn^ domain (amino adds 1 to 789 of 

sW sequence but containing the enfcre extracellular oomam _ 

^uenccandenmeextmec^d^C^^ 

kddng the signal sequence hut ^^^T^^ soluble polypep rides in 
to 597 of SEQ ID NO: 1). The preparation and use of these soiuoxe P 
- A - «mc«!nt invention is desedb ed In examples 3-5. 

.CMS 1-U (ar-44-.cn A.^. *d T^£££T 7 £ 
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755 of SEQ ID NO:6. Constructs encoding ihese proteins may be prepared by 
techniques thai involve cleaving the human LIF-R cDNA of the above-described clone 
pHLlFR-65 (ATCC 68491) with the restriction endonucleases Asp718 and X win J or 
with Asp718 and Bspl286L Asp 718 cleaves the vector upstream of the inserted LIF- 
5 R-encoding cDNA. XmnJ cleaves within the codon far Asp at position 702 
(generating blunt ends) and Bspl2861 cleaves just 3' of the codon for Val at position 
775 of SBQ ID NO:5. If desired, an oligonucleotide may be ligated to the 3' end of the 
Asp718tBspl286I fragment to extend the UF-R sequence, e.g.. through amino add 
number 789. An oligonucleotide also may be ligated to the 3' end of a UF-R fragment 
10 to add the first two amino adds of the Fc polypeptide described in example 5, and a Bgl 
E-site useful for attaching the rest of the Fc sequence downstream of the UF-R 
sequence. 

Additional soluble human UF-Rs comprise amino acids 1-678 or 1-680 of SEQ 
ID NO:6. When the human and murine UF-R amino acid sequences disclosed in 
15 Gearing et al., EMBO J* supra, are aligned (with gaps introduced to maximize identity 
between the two sequences), amino acid 680 of the human sequence is aligned with me 
last amino acid of the murine protein, and amino acid 678 is the last amino acid of the 
human sequence that is identical to a corresponding amino acid in the murine sequence. 

• Since the murine protein binds UF, the murine LIF-R contains that portion of the 
20 protein required for UF binding. 

An additional example of a soluble gpl30 polypeptide comprises amino adds - 
22 to 582 of SEQ ID NO:2. An expression vector encoding such a protein was 
constructed in example 7. Soluble UF-R and gpl30 polypeptides also include those 
ftom which fibronecrin type in (FNIE) domains have been deleted. From one to all of 
25 the FNm domains may be deleted, providing the advantage of reducing the site of the 
protein. Preparation of such UF-R and gpl30 proteins is described in example 8. 

Truncated UF-R and gpl 30, including soluble polypeptides, may be prepared 

• by any of a number of conventional techniques. In the case of recombinant proteins, a 
DNA fragment encoding a desired fragment may be subcloned into an expression 

30 vector. Alternatively, a desired DNA sequence may be chemically synthesized using 
known techniques. DNA fragments also may be produced by restriction endonuclease 
digestion of a full length cloned DNA sequence, and isolated by electrophoresis on 
agarose gels. Linkers containing restriction endonuclease cleavage site(s) may be 
employed to insert the desired DNA fragment into an expression vector, or the fragment 

35 may be digested at cleavage sites naturally present therein. Alternatively, proteins may 
be fragmented using proteolytic enzymes, for example, and the desired truncated 
polypeptide isolated from the digestion mixture using reversed phase HPLC. 
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isolate a DNA sequence encoding a desired protein fragment ^ technique « 

< ^ Gloved 10 deleTtexniaal nucleotides from a DNA frugmenr to obtam a fntgrnent 

having a particular ossrrea iemu* tf-estion, and wlrich 

those that can be ligaied to the blunt ends produced by Bal 31 *««*°* 
^io xestrictien endonccl^e cleavage dteCs). Altexnanvcly ob^ud^d^ that 
^L** the N- or Cr terminus of a DNA fragment to a desired point may be 

10 ^ynthedaed. Iheohgonucieouoe y ^ rionan initiation codon CATG) at the 
^stream of the desired coding sequence and posmon an uutianon cooon ^ 

N-tciniius of the coding sequence. - eovatent 

gpl30 polypepddc is attached to the UF-R polypeptide tough acovrient 
Oovalent attachment is preferred for certain applications, «* 
orBon-covalcnt Enkag* w conferred by covalent, as 

15 in vivo use. in view of the enhanced stability gen , tiavention, 
cpposcdtonor^ovalent, bonds, ^^^^^^^^^f^!!^^ 
^^inaybe^lishedv^ 

othersuitable technique^ ^p^xnolecule to another are 

■NTTTmerDTis reaeenis useful for aross-unK^s 
,„ "l^XtLa! sod bncoMftmoional IM^ - mod* for this purpo- 
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peptide linker sequence. Other near neutral amino adds, such as Thr and Ala, may also 
be used in the linker sequence. Examples of such polypeptide linkers are presented 
below. 

Another type of polypeptide linker that may be employed comprises the Fc 
5 region of an antibody. An Fc polypeptide is attached to the C-tenninus of LIF-R or of 
the 3JF-R fragment A separate Fc polypeptide is attached to the C-termlnus of gpl30 
or of the gpi30 fragment. The two resulting polypeptide chains may be combined in a 
buffered solution, whereupon disulfide bonds form between the two Fc polypeptides 
{eg., » the so-called hinge region, where interchain disulfide bonds are normally 

10 present in antibody molecules). Preferably, a host cell is transformed wiih DNA 
encoding both polypeptides such that the two polypeptides are co-expressed and 
intercnain disulfide bonds form in the host cell. LIF-R is thus covalenfly linked to 
gpl30 via the disulfide bonds in the linker portion of the receptor. Procedures for 
isolating the Fc region of an antibody are well-known and include proteolytic digestion 

15 with papain. Alternatively, an Fc polypeptide may be produced by recombinant cells or 
chemically eyntheri2e& Also useful are N-tenninal fragments of an antibody Fc region 
thai contain the cysteine residues involved in disulfide bond formation et the binge 
legion- One example of a receptor containing an Fc polypeptide linker is illustrated in 
example 5 below. The receptor is depicted in Figure 4. The number and position of 

20 disulfide bonds may vary from those shown in Figure 4. 

Additional examples of LIF-PJFc and gpl30/Fc fusion proteins useful in 
preparing receptors of the present invention are described in examples 7 and 8. 
Advantageously, host cells are co-transfected with two different expression vectors, 
one encoding soluble LIF-R/Fc and the other encoding soluble gpl30/Fc. The 

25 hctcrodiincr is believed to form intracellularly or during secretion. 

Homodimers comprising two LIF-R/Fc polypeptides or two gplSO/Fc 
polypeptides linked via disulfide bonds are also produced by certain of the transfected 
host cells disclosed herein. The LIF-R/Fc homodimers are useful for binding LIF and 
the gpl30/Fc homodimers find use in binding oncostatin M. The homodimers may be 

30 separated from each other and from the heierodimer by virtue of differences in size 
(e.g., by gel electrophoresis). The hcterodiroer also may be purified by sequential 
jjsmunoaffiniry chromatography (described below). 

In an alternative cmbcriiment, a first fusion polypeptide comprising gpl30 (or 
fragment thereof) upstream of an antibody light chain (or a fragment thereof) is 

35 prepared A second second fusion polypeptide comprises UF-R upstream of an 
antibody heavy chain (or a heavy chain fragment, the N-tenninus of which extends at 
least through the ChI region. Disulfide bond(s) form between the gpl30-light chain 
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A DNA sequence encoding a fusion protein is constructed using recombinant 
DNA techniques to insert separate DNA fragments encoding gpl30 and LDF-R .into an 
appropriate expression vector. The 3' end of a DNA fragment encoding gpl30 is 
ligated (yia the linker) to the 5' end of the DNA fragment encoding LIF-R with the 

5 reading frames of the sequences in phase to permit translation of the mRNA into a 
single biologically active fusion protein. Alternatively, the 3' end of a DNA fragment 
encoding LIF-R may be ligated {via the linker) to the 5' end of the DNA fragment 
encoding gpl30, with the reading frames of the sequences in phase to permit translation 
of the mRNA into a single biologically active fusion protein. A DNA sequence 

10 encoding an N-terminal signal sequence may be retained on the DNA sequence 
encoding the N-ienninal polypeptide, while stop codons, which would prevent read- 
through to the second (C-terminal) DNA sequence, are eliminated. Conversely, a stop 
codon required to end translation is retained on the second DNA sequence. DNA 
encoding a signal sequence is preferably removed from the DNA sequence eiicoding the 

15 C-Tcxminal polypeptide. 

Suitable polypeptide linkers comprise a chain of amino adds, preferably from 
20 to 100 amino acids in length and most preferably from 30 to 60 amino acids in 
length. As ffon™"»d above, the linker advantageously comprises amino acids selected 
• from the group consisting of glycine, esparagine, serine, threonine, end alanine. 

20 Examples of suitable polypeptide linkers include, but are not limited to, (Gly4Ser) n . 
wherein n is 4- 12, preferably 8, end (G^SerGlysSerk. 

A DNA sequence encoding a desired polypeptide linker may be inserted 
between, and in the same reading frame as, the DNA sequences encoding gpl30 and 
LIF.R using any suitable conventional technique. For example, a chemically 

25 synthesized oligonucleotide encoding the linker and containing appropriate restriction 
endonuclease cleavage sites may be ligated between fee sequences encoding gpl30 and 
LIF-R. 

Alternatively, a chemically synthesized DNA sequence may contain a sequence 
complementary to the 3' terminus (without the stop codon) of cither gpl30 or LIF-R, 
30 followed by a linker-encoding sequence which is followed by a sequence 
complementary to the 5' terminus of the other of gpl30 and LIF-R. Oligonucleotide 
directed mutagenesis is then employed to insert the linker-encoding sequence into a 
vector containing a direct fusion of gpl30 and LIF-R. 

The present invention, provides an isolated DNA sequence encoding the above- 
35 described fusion protein comprising gpl30, LIF-R, and a polypeptide linker, and also 
1 provides recombinant expression vectors containing the isolated DNA sequence. 
"Expression vector" refers to a replicable DNA construct used to express DNA which 
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amplification within the host. Examples of suitable prokaryotic hosts for 
iransfonnaiion include £. coli, Bacillus subtilis, Salmonella typkimuriwn, end various 
species within the genera Pseudomonas, Strepxomyces. and Staphylococcus, although 
others may also be employed as a matter of choice. Higher cukaryouc cells include 
5 established cell lines of mammalian origin. Cell- free translation systems could also be 
employed to produce fusion protein using RNAs derived from the DNA constructs of 
the present invention. Appropriate cloning and expression vectors for use with 
tflrTr p a i fungal, yeast, and mammalian cellular hosts are described by Pouwels ct aL 
(Cloning Vectors: A Laboratory Manual, Elsevier, New York, 1985), the relevant 

10 disclosure of which Is hereby Incorporated by reference. 

Useful expression vectors for bacterial use can comprise a selectable marker and 
bacterial origin of replication derived from commercially available plasmids comprising 
generic elements of the well-known cloning vector pBR322 (ATCC 37017). Such 
commercial vectors include, for example, pKK223-3 (Pharmacia Fine Chemicals, 

15 Uppsala, Sweden) end pGEMl (Promega Biotec, Madison, Wl, USA). These 
P BR322 "backbone" sections are combined wiih an appropriate promoter and the 
structural sequence to be expressed. E. coK is typically transformed using derivatives 
of pBR322. a plasmid derived from an E. coli species (Bolivar ct aL, Gene 2:95, 
1977). pBR322 contains genes for ampicillin and tetracycline resistance and this 

20 provides simple means for identifying transformed cells. 

Promoters commonly used in recombinant microbial expression vectors include 
the b-lactamase (penicillinase) and lactose promoter system (Chang ct aL. Nature 
275--615, 1978; and Goeddel et aL, Nature 281:544. 1979), the tryptophan (tip) 
promoter system (Goeddel et aL, Nucl. Acids Res. &4057, 1980; and EPA 36,776) 

25 and tac promoter (Maniaus, Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory, p. 412. 1 982). A particularly useful bacterial expression system 
employs the phage 7. PL promoter and cI857ts thermoinducible repressor. Plasmid 
vectors available from the American Type Culture Collection which incorporate 
derivatives of the X PL promoter include plasmid P HUB2. resident in E. coll strain 

30 JMB9 CATCC 37092) and pPLc28. resideni in E. coli RR1 (ATCC 53082). 

The recombinant receptor protein may also be expressed in yeast hosts, 
preferably from Saccharomyces species, such as S. cerevlsiae. Yeast of other genera 
such as Pichia or Kluyveromyces may also be employed." Yeast vectors will generally 
contain an origin of replication from the 2nm yeast plasmid or an autonomously 

35 replicating sequence (ARS), a promoter, DNA encoding the receptor fusion protein, 
sequences for polyadenylation and transcription termination and a selection Bene. 
• Preferably, yeast vectors will include an origin of replication and selectable markers 
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Various mfTn™"^" ox insect cell culture systems can be employed to express 
recombinant protein. Baculovirus systems for production of heterologous proteins in 
insert cells ere reviewed by Luckow and Summers, Bio/Technology 6:41 (1988). 
Examples of suitable mammalian host cell lines include the COS-7 lines of monkey 
5 Hdney cells, described by Gluanan {Cell 25:175, 1981), and other cell lines capable of 
expressing an appropriate vector including, for examples. L cells. C127. 3T3, Chinese 
hamster ovary (CHO), HeLa and BHK cell lines. Mammalian expression vectors may 
comprise non-transcribed elements such as an origin of replication, a suitable promoter 
and enhancer linked to the gene to be expressed, and other 5' or 3' flanking 

10 noatranscribed sequences, and 5' or 3' nonrxanslated sequences, such as necessary 
ribosomc binding sites, a poly-adcnylarion site, splice donor and acceptor sites, and 
transcriptional termination sequences. 

The transcriptional and translational control sequences in expression vectors to 
be used in transforming vertebrate cells may be provided by viral sources. For 

15 example, commonly used promoters and enhancers are derived from Polyoma, 
Adenovirus 2. Simian Virus 40 CSV40). and human cytomegalovirus. DNA sequences 
derived from the SV40 viral genome, for example, SV40 origin, early and late 
promoter, enhancer, splice, and polyadenylatlon sites may be used to provide me other 
genetic elements required for expression of a heterologous DNA sequence. The early 

20 and late promoters are particularly useful because both are obtained easily from the 
virus as a fragment which also contains the SV40 viral origin or replication (Fiers ei aL, 
Naiwe 275:1 13. 1978). Smaller or larger SV40 fragments may also be used, provided 
the approximately 250 bp sequence extending from the Hind HI site toward the BgJl 
site located in the viral origin of replication is included. Exemplary vectors can be 

25 constructed as disclosed by Okayama and Berg (MoL Cell. Biol. 3 :280, 1983). 

A useful system for stable high level expression of mammalian receptor cDNAs 
in C127 murine mammary epithelial cells can be constructed substantially as described 
by Cosman et aL (Mo/. Immunol. 25:935. 1986). 

Particularly preferred vectors for expression of the inventive receptor as a 

30 fusion protein are described in the examples below. The foregoing discussion is, of 
course, applicable to the production of recombinant fusion proteins comprising a 
fragment of gpl30 and/or a fragment of LIF-R. Suitable fragments are discussed 
above, and DNA sequences encoding such fragments may be inserted into the above- 
• described expression vectors. 

35 The present invention provides a process for preparing the recombinant receptor 

of the present invention, comprising culturing a host cell transformed with an 
expression vector comprising a DNA sequence that encodes said receptor under 
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steps. Microbial cells employed in expression of recombinant fusion proteins can 
disrupted by any convenient method, including freeze-thaw cycling, sonication. 
mechanical disruption, or use of cell lysing agents. 

Fermentation of yeast which express fusion proteins as a secreted protein 
5 greatly simplifies purification. Secreted recombinant protein resulting from a large- 
scale fermentation can be purified by methods analogous to those disclosed by Urdal et 
al. a. Chromtuog. 296:111, 1984), involving two sequential, reversal-phase HPLC 
steps for purification of a recombinant protein on a preparative HPLC column. 

The present invention also provides a pharmaceutical composition comprising a 
10 receptor protein of the present invention with a physiologically acceptable carrier or 
diluent. Such carriers and diluents will be nontoxic to recipients at the dosages and 
concentrations employed. Such compositions may, far example, comprise the receptor 
protein in a buffered solution, to which may be added antioxidants such as ascorbic 
add, low molecular weight (less than about ten residues) polypeptides, proteins, amino 
15 adds, carbohydrates including glucose, sucrose or dextrins, chelating agents such as 
EDTA, glutathione and other stabilizers and excipients. The receptor of the present 
invention may be administered by any suitable method in a manner appropriate to the 
indication, such as intravenous injection, continuous infusion, sustained release from 
implants, etc. 

20 The DNA and/or amino acid sequences of gpl30 and UF-R may vary from 

those presented in SEQ ID NO: 1 and SEQ ID NO: 5. Due to the known degeneracy of 
the genetic code, there can be considerable variation in nucleotide sequences encoding 
the same amino acid sequence. The DNA sequences capable of hybridizing to the 
native DNA sequence of SEQ ID NO: 1 or SEQ ID NO: 5 under moderately stringent 

25 conditions (50'C, 2 X SSC), and which encode a biologically active gpl30 or UF-R 
polypeptide, are also considered to be gpl30-encoding or LIF-R-encoding DNA 
sequences, respectively, in the context of the present invention. Further, certain 
mutations in a nucleotide sequence which encodes L3F-R or gpl30 will not be 
expressed in the final protein product. For example, nucleotide substitutions may be 

30 made to enhance expression, primarily to avoid secondary structure loops in the 
transcribed mRNA (see EPA 75.444A, incorporated herein by reference). Other 
alterations of the nucleotide sequence may be made to provide codons that are more 
readily translated by the selected host. e.g., the well-known E. coli preference codons 
for E. coli expression. 

35 The amino acid sequence of native gpl30 or LIF-R may be varied by 

substituting, deleting, adding, or inserting one or more amino acids to produce a gpl30 
or UF-R variant Variants that possess the desiied biological activity of the native 
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Generally, substitutions should be made conservatively; i.e., the most prefentd 
substitute amino adds are those having physiochemical characteristics resembling those 
of the residue xo be replaced. Examples of conservative substitutions include 
substitution of one aliphatic residue for another, such as De, Val. Leu, or Ala for one 
5 another, or substitutions of one polar residue fox another, such as between Lys and 
Arg; Gltt and Asp; or Gin and Asn. Other such conservative substitutions, for 
example, substitutions of entire regions having similar hydrophobicity characteristics, 
are well known. Moreover, particular amino add differences between human, murine 
and other m a Tm™n fl T i UF-Rs is suggestive of additional conservative substitutions that 

10 may be made without altering the essential biological characteristics of LIF-R. 

Cystdne residues can be deleted or replaced with other ammo acids to prevent 
formation of unnecessary or incorrect intramolecular disulfide bridges upon 
renatoradon. Adjacent dibasic amino add residues may be modified to enhance 
expression in yeast systems in which KEX2 protease activity is present 

15 EP212,914 discloses the use of site-specific mutagenesis to inactivate KEX2 

protease processing sites in e protein. KEX2 protease processing sites are inactivated 
by deleting, adding or substituting residues to alter Arg-Aig, Arg-Lys, and Lys-Arg 
pairs to eliminate the occurrence of these adjacent basic residues. Lys-Lys pairings are 
considerably less susceptible to KEX2 cleavage, and conversion of Arg-Lys or Lys- 

20 Arg to Lys-Lys represents a conservative and preferred approach to inactivating KEX2 
sites. 

Hydrophflic amino acids may be substituted for hydrophobic amino adds in the 
transmembrane region and/or intracellular domain of gpl30 and UF-R to enhance 
water solubility of the proteins. Addition of amino acids to the native sequence may 
25 resulr from translation of in-frame codons present in linkers used in constructing 
cloning or expression vectors. The LIF-R encoded by clone pHLIF-R-65 contains 
such linker-encoded amino acids at the C- terminus, as described by Gearing et aL, 
supra. 

The present invention also includes proteins with or without associated narivc- 
30 pattern glycosylation. Expression of DNAs encoding the fusion proteins in bacteria 
such as E. colt provides non-glycosylated molecules. Functional mutant analogs 
having inactivated N-glycosylation sites can be produced by oligonucleotide synthesis 
and ligation or by site-specific mutagenesis techniques. These analog proteins can be 
produced in a homogeneous, reduced-carbohydrate form in good yield using yeast 
35 expression systems. N-glycosylation sites in eukaryotic proteins axe characterized by 
the amino acid triplet Asn-Al-Z, where Al is any amino add except Pro, and Z is Sex 
or Thr. In this sequence, asparagine provides a side chain amino group for covalent 
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coJeXd polypepSde »W to * -god (or leader) ^ypep*te - J-" ^ 

M ^ceH „^ or wan Ce.*, the ye« a-fa-or icader). P^dd« may also * 
^ „ fedrhae pnificdon or idenrifi^don of the fbrion protem Ce4t„ po*-Bk)- 

I^^ccmbi^Jtrotdn. Tte S eoj.e n «i 5 aUo»p«ffio^cl«ve4byoov m e 
JLl enBoM^e « the readue immediately foltowini the Asp-^P^ 
™^tor proteins capped with this peptide may alao be res^ua. » >»dM- 

30 '^rec^ of the preset* invention are primed ^ aa once.**. M 
Kndtag reasenn, and may be edministered in viv, to inhibit e ° f 
(including Sgaal tramdocnort. Tteinvenuverecepu^alsohaveusea. 

« Disorders mediated by either oncostatln M ox UP may be treated by 

waI ^ or maxnn^ patient afflict wi^ A disorder as said to 
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be mediated -by oncostatin M or UF when biologically active oncostatin MorUF 
causes (directly ox indirectly) or exacerbates the disorder. Soluble receptor proteins can 
be used to competitively bind to UF and oncostatin M, thereby inhibiting binding of 
] IF and oncostatin M to cell surface receptors. 
5 As discussed in example 2, gpl30 has now been found to bind oncostatin M, 

although with lower affinity than the inventive receptors comprising both gpl30 and 
XJF-R. gpl30 may be administered to treat conditions mediated by oncostatin M, 
although a gpl 30/UF-R receptor of the present invention would be preferred for such a 
purpose. 

10 Oncostatin M has been reported to stimulate hematopoiesis, stimulate epithelial 

cell proliferation, increase plasmin activity (thereby inducing fibrinolysis), inhibit 
angiogenesis and supresB expression of major histocompatibility complex antigens on 
endothelial cells. See PCT application WO 9109057 and European patent application 
no. 422,186. When these or other biological effects of oncostatin M are undesirable, a 

13 receptor of the present invention may be administered to bind oncostatin M. 

Oncostatin M is believed to stimulate production of the cytokine interleuldn-6 
OL-0). as reported by Brown et al., J. Immunol 147:2115 (1991). Oncostatin M 
therefore indirectly mediates disorders associated with the presence of H^6. H^6 has 
' been reported to be involved in the pathogenesis of AIDS-assodated Kaposi's sarcoma 

20 (deWit et al., /. Intern. Med. [England] 229:539 [1991]). Binding of oncostatin M by 
a receptor of the present invention thus may be useful in treating Kaposi's sarcoma. 
Alternatively, but less preferably, gpl30 may be administered to treat Kaposi's 
sarcoma. 

Among the disorders mediated by LTJF are lipoprotein metabolism defects such 
23 as atherosclerosis and obesity, as well as disorders of bone and calcium metabolism or 
disorders associated with UF overproduction that affect hepatocytes. neurons, or 
leukocytes. The regulation of embryonic and hematopoietic stem cells by LIF may also 
be manipulated with the receptor. A soluble form of the receptor may also be used to 
treat leukemic cells which respond to UP by proliferating. UF also may play a role in 
30 inducing cachexia in cancer or AIDS patients. The receptor, or antibodies thereto, may 
also be useful as a diagnostic reagent to detect diseases characterized by the presence of 
abnormal UF-R. 

Oncostatin M and UF are different proteins, but share certain structural and 
biological properties. If inhibition of a biological activity shared by oncostatin M and 
35 UF is desired, the receptor of the present invention offers the benefit of binding both of 
these proteins exhibiting the particular biological activity. A receptor binding only one 
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Of the proteins would leave the other protein active and continuing to mediate the 

disorder. . 

Receptor proteins or derivatives thereof may also be used as reagents in 
xcccptor-hased immunoassays, reagents in assays for oncostatin M or UF, or as 
5 ^^^liK^xypu^^cfonco^unMorUF. The receptor proteins of 
fee present invention may be used as immnnogens in conventional procedures far 
production of polyclonal ormoBOclonal antibodies. Such antibodies may be employed 
on jammnoaffiniry columns for purification of the receptor, or as ctmrponcnts of 
Agnostic or research assays. Derivative may alao be obtnined by Peking additW 

10 polypeptide^), e.g- by using a cross-lmHng agent, such as N-rr^eurudobcnroyl 
Su^es^thatreacts with cystic lyame readues. I^eptoxprote^inay 
also be covalenuy bound through reactive side groups to various insoluble substrates, 
such as cyanogen taormde-activated, bieoxSrane-activated, carbonyldfirmdazole- 
activated or tosyl-activated agarose structeres. or by adsorbing to polyolcfin surfaces 

15 rwith or wllhout glmaraldchydc cros^linking). 

The following examples are provided to illustrate certain embodiments of the 
invention and are not to be co^^ 
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EXAMPLES 
Example 1 

Recombinant human LIF Is expressed in yeast and purified to homogeneity 
essenuaDy as described^ 

wotein is radiolabeled using a commercially available enzymobead xadaoiodmanon 
x^tCBioRad). In this procedure 10 U£ UF in 50 pi D-2 M sodium phosptoe, pH 
^ Lbinen with W ens^bead reagent, 2mCiof aodiumxomdeaniOulof 
0.03MsodiumphospbatepH7.0andtt^^ 

25-C sodimn azide (20 jll of 50 inM) and sodium mctabisulfitc (10 pi of 5 mg/ml) are 
added and incubation is continued for 5 min. at 2TC. The ration ^nnxrure is 
fectionated by gel filtration on a 2 ml bed volume of Sephadex® G-25 (Sigma) 
equfflfcraied in Roswcll Park Memorial Institute (RFMD 1640 inedmm comammg^ 
(W M bovine serum albumin (BSA), 0JZ% (w/v) sodium azide and 20 mM Hepes pH 
Tiding inedimn). The final pool of U*MJF is diluted to a working stndc 
solution of 3 jc 10-8 M in binding medium and stored for up to one month at 4 C 
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without detectable loss of receptor binding activity. The specific activity is routinely in 
the range of 6-8 x 10 15 cpm/mmole LIF. 

The radiolabeled LIF may be employed in any of a number of conventional 
assay procedures to determine whether a given protein or ceD binds LIF. Examples of 
5 such assays are those that detect binding of the radiolabeled LIF to cells expressing an 
LIF-Wndlng protein on the cell surface. The radiolabeled LIF also may be employed in 
assays for the presence of UF-binding proteins in cell culture medium (e.g. LIF- 
binding proteins secreted by recombinant cells). Proteins in cell extracts (e.g. from 
recombinant cells) also may be assayed for the ability to bind the radiolabeled UF. 

to In one assay procedure, cells transformed/transfected with an expression 

system encoding a protein to be tested for ability to bind LIF are plated at a density of 2 
x 105 cells/well in either 6 well dishes (Falcon) or single well chambered slides (Lab- 
Tek). Both dishes and slides are pretreated with 1 ml human fibronectin (10 ug/ml in 
PBS) for 30 minutes followed by 1 wash with PBS. After 48 to 72 hours, cells are 

15 assayed for expression of LIF binding proteins by binding radioiodinated LIF using the 
following slide autoradiography technique. Transfected cells are washed once with 
binding medium (RPMI media 1640 containing 25 mg/ml bovine serum albumin 
CB5A). 2 mg/ml sodium azlde. 20 mM HEPES. pH 7.2, and 50 mg/ml nonfat dry milk 
(NFDM) and incubated for 2 hours at A'C with 1 ml binding medium + NFDM 

20 ccriiaining 1.25 x 1(T 9 M 125 I-LIF. After incubation, cells in the chambered slides axe 
washed three times with binding buffer + NFDM, followed by 2 washes with PBS, pH 
7.3, to remove unbound 125 I-L3F. The cells are fixed by incubating for 30 minutes at 
room temperature in 10% gluteraldehyde in PBS, pH 7.3, washed twice in PBS, and 
air dried. The slides are dipped in Kodak NTB-2 photographic emulsion (5x dilution in 

25 water) end exposed in the dark for 12 hours to 7 days at 4*C in a light proof box. The 
slides are then developed for approximately 5 minutes in Kodak D19 developer (40 
g/500 ml water), rinsed in water and fixed in Agfa G433C fixer. The slides are 
• individually examined with a microscope at 23-40x magnification and positive cells that 
bind LIF arc identified by the presence of autoradiographic silver grains against a light 

3D background. 

Cells in the 6 well plates are washed once with binding buffer + NFDM 
followed by 3 washings with PBS, pH 7.3, to remove unbound 125 I-LJF. The cells 
are then trypsimzed to remove them from the plate and bound 125 I-LIF is counted on a 
gamma counter. 

35 The cells in transfectam pool(s) testing positive arc subdivided into smaller 

pools and the screening process is repeated (with further subdividing of the pools as 
necessary) until an individual clone expressing LIF-binding protein is isolated. Non- 
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hindin* of 125I-LIF may be measured in the presence of 200-fold oi fireaier 
^SSim As a control *e in* cell, traced with a vector 

The results of on6 LJF banding assay t^nuuwt^ » tp* 

aacrau* „-tk mmsfected with vectar(s) encoding LEF-K. 

ox gpl30 w described below were ass y Scribed by Glntzman. Ccff 

were the montey kidney cell with the 

23:175 (1981). In separate ^^^'^Wecred cells (and 
■ followmgcombtaarions of vector The different types of transt ^ 
rfeeted CO ntrol cells) are designated A-F as shown below, and the curves 
20 transacted control ecu., ^IT^ trantfected or control cell type arc also 

^presenting the LIF-binding assay data for each transrecieu 

labded A-F in Figure 1. 

(A) B10G (the gpl30 encoding vector described in example 3) and 
25 pHLIFR^C^l^R^^ w ^ 

(B) pHLlFR-65 and control vector CAV (a control vector that docs not 
- TTF.R or LsO; controls for plasm* dilution so thai rcanlts can be mow 

r^oUa^l tnose of COS-7 ceUs ccnWected with both a gp!30 
30 encoding vector and an UF-R. encoding vector) 

(Q BIGG and pHUFR-65; traiisfecteo cells were preincubatcd with 
^radiolabeled oncostarin M before incubation with H%UF 



35 



(D) pHLIFR.-63 and CAV; transfected cells were prebcubated withnoa* 
ndiolabelcd oncostann M before inenbanon with UfcUF 
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(E) non-transfected COS-7 cells (control) 

(F) B10G andCAV 

5 The assay was performed bye phthalate oil separation method essentially as 

described by Dower et aL.J. Immunol 752:751 (1984) and Park el aL,7. Biol. Chan. 
261:4111 (1986). Briefly, the COS-7 host cells were released from 10 cm tissue 
culture plates two days after transfection by incubation in non-enzymatic cell 
dissociation buffer (Sigma) at SVC for 30-60 minutes. CaDa were then washed wiA 

10 " the above-described binding medium and resuspended in binding medium i at 5x10* 
ccDatoL 50jd aliquots of the cells were incubated with serial dilutions of l^I-UF at 
room temperature for one hour with agitation (in the presence or absence of a 200-fold 
excess of unlabeled UF) in a total volume of 150ul The unlabeled 1JF allowed for 
calculation of the non-specific background binding of UF. Duplicate aliquots (60pl) of 

15 each incubation mixture were then transferred to a polyethylene centrifuge tube 
contamtagaphftdatecaimto 
ethylhexyl)phmabue. 

The cells were separated from unbound l^I-UF by cenrrifugarJon for five 
minmw at 15,000 x g in an Eppendorf microfugc. The centrifuge tubes were cut to 

20 separate the pellet of cells (containing bound 125 I-LIF) from the supernatant containing 
unbound ^I-UF. The radioactivity in both parts was then determined on a gamma 
counter. The determinations of both cell-bound and unbound radioactivity from the 
two 60u3 aliquots were averaged for subsequent calculations. 

The results are presented in Figure 1 as standard Scatchard transformations of 

25 the biological data. The data are reported as the ratio of molecules of ™I-UF bound 
per cell, to free ™1-UF molecules (y-axis) versus molecules of i^I-UF bound per 
cell (x-axis). The dissociation constants (K D > ere shown in Figure 1, along with the 
number of UF-binding sites per cell. Since a saturating amount of radiolabeled UF 
was offered, tbc number of molecules of radiolabeled UF bound per cell is considered 

30 ' equivalent to the number of UF binding sites per cell 

As shown by curve A of Hgure 1, COS-7 cells co-transfected with a gpl30 
encoding vector (B10G) and an LIF-R encoding vector (pHUFR-65) demonstrated 
high affinity LIF binding (K D =9xl0- l0 M) . When these same co-transfected COS-7 
cells were pxeincubated with non-radiolabeled oncostatin M before incubation with 

35 125t,uf (curve Q. binding of LIF was greatly reduced (Kp-^xlO-^M). Oncostatin 
M thus competes with UF for binding sites on these transf ected cells. 
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COS-7 cells transfected with a vector encoding the singlcrpolypcptide chem 
Tjp R and with the control vector CAV bound UF Ccurve B; 

^^^butwithlowera^ 

cells display exogenous high affinity simian UF rectors curvcR 
, * Zct3xlO-"M). Transection with pHUFR-65 (encoding ihe single ^vp^e 
5 fSS^M of addidonal low affinity UP receptors 

^eX^ as well as the simian LTF receptor* Kp-3-3*10-"M; cuxva B, »fe 1). 
^TcOS-7 cells peered wi* pKUFR-* - ^ - 
. ncDbflt6d ^ non-radiolabeled oneosmrin M before incobanon with i^I-LIF 
10 S^B binding of LIF to the Lff-R expressed by pHLTFR-63 was essenuafly 

SSS M L d- not compete with UF ft, binding to the Mb ^ypep^ 
cnX^F-R. However, the binding oflJFro the endogenous an^ba^ 

TJF-R on the COS-7 cells was competed 
„ no COS-7 cell, centred with The gplSO encoding vector and the CAV 

of binding to the non-transfected COS-7 cells (curve E). 
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Example Z 

A ft jff y to De^ Tiding <f O^P**** 1 * M 
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O^tmMmaybepurifiedWcells in which the j^teln is nann^y 
„ from cell* transformed with an expression vector encoding oncostaxm M. One 
Z^jZa^M^*"^ 13 ™ cells, asdes^ed by Zaxl^ct 
TpmS USA. Z3:9t£ (1986). Purification of recombinant onco«aun M * 
to linslcy et aL, J. BUL CW 26*4 2 82-42o9 (1989), which » hereby 
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crated oy rerrrr.nuc iu . - 

Prcfaabhr. oacoamth. M is product in y«st cdls transformed wnb * smtablc 

rLftLl* 6:H04 C198S). Tt B fltf! is highly aatlgmlc and pcovuta .m 

bcund by a specific moaoclcnal nobody. en*Uto 6 Mb ponfc^on 
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Neither the .signal sequence nor the flag sequence is found on the processed final 

oncosts tin M product. 

Oncostarin M may be radiolabeled using any suitable conventional procedure, 
such as the radioiodinfltion procedure employed to radiolabel LTF in Example 1. The 
5 radio-iodination of oncostatin M has also been described by Linsley et at, supra. 

The resulting radiolabeled oncostarin M may be substituted for radiolabeled UF 
(using the same concentrations and other reaction parameters) in the assay procedures 
described in Example 1 in order to detect proteins and cells that bind oncostarin M An 
assay for binding of 12 5 I-oncostatin M to cells is also described in Linsley et aL, 
10 supytx* 

The results of one oncostatin M binding assay arc shown in Figure 2. COS-7 
cells transfected with vectors) encoding gpl30 or LTP-R were assayed for the ability to 
bind oncostarin M. In separate tnmsfecrions, COS-7 cells were transfected with the 
following combinations of vectors. The different types of transfected cells (and non- 
15 transfected control cells) arc designated A-E as shown below, and the corresponding 
curves representing die oncostatin M binding assay data for each cell type are also 
labeled A-E in Figure 2, 

(A) B10G (the gpl30 encoding vector described in example 3) and 
20 pHLIFR-65 (the LIF-R encoding vector described in example 3) 

CB) B10G and pHLEFR-65; transfected cells were preincubaied with 
uon-radiolabeled UF before incubation with ^I-oncostatin M 

25 pHLTFR-65 and CAV (a control vector' that does not encode LTF-R 

or gpl3Q: controls forplasmid dilution so that results can be more accurately compared 
with those of COS-7 cells co- transfected with both a gpl30 encoding vector and an 
LIF-R encoding vector) 

30 (D) non-transfected COS-7 cells (control) 

(E) B10G and CAV 

The assay was performed by the phthalate oil separation method described in 
33 example 1 (but substituting oncostarin M forLTF). The results are presented in Figure 
2 as standard Scatchard transformations of the biological data. The data are reported as 
the ratio of molecules of i25l-oncostatin M bound per cell, to free.^i-oncostadn M 
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molecule* versus teenies of ^I-cncostaxin M bound 

^ • L cZtLts (K D ) axe shown in Hgnre 2. along with tiic number of oncosmtm 
^axaanou «^« ^ D ^ ^ of radiolabeled onco«atin M was 

M-bindine sites per celL Since a saiurau"E «^ 

^ t of r*ol»d« of -labeled oncosmln M p=t cd * 

OOS-7 cells cooansteeted wim a vector encodmg the Mgl^polypepnoe 

^ jyipB-i a=* m t above that bound by the KMnribari COS-7 «dk 

^^-7 cells c^B^oed witi pHUK-65 end B10G ^P"^*"*^ 
■rTt-M up before tooubadon with 1231-oncostain M Cctnve B) did n« tend 

^I™ ^aseparaBe^i^rta^tCphtr^ 
jeccptras. Una sepai*» i"^-..- ^ cqs-7 cells tranrfecEd with B10G 

^Lto of to onc«uuin M bind** asay are shown in 3«S«t«4«d 

J^^I^O^Mboond^cellC^). ^^"^""f" 

^^iand.sotb.^diire^ot— 

m i30™todM cells compared to the control ceJto cm be numiMo^vBoanxeo. 

^ISOor.fiagD^tthereot Rotors campd^g bed. H>130 and 

S^d f "trc^S »* condidens, however, in view of d* hisber affirm of 

^^Tor o^a M corded to t>* affi^ of splSO *- for on = 

^^^b.c^cde.anor^^M^^^dl^attd 
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Example 3 

nf , Rccc m frin.mt Fusion Protein PgrfHlR^ I JF-H-Ij|ft^W*3P 

5 A recombinant receptor protein of the preBent invention is prepared by the 

following procedure The receptor comprises an LIF-R fragment at the N-teiminus 
anached to a gpl30 fragment through a polypeptide linker. The polypeptide linker is of 
the formula (G^Serfc. An oligonucleotide encoding a portion of the linker sequence. 
i. e .. the sequence Ser(Gly 4 Ser)e<31y « synthesized by any of the conventional known 
10 procedure* for oligonucleotide synthesis. The DNA and encoded amino acids 
sequences of ihe double-stranded oligonucleotide arc as foDows: 

SEQ1DNO: 7 

15 Bam HI 

rrrr a™ GQA GGT GGT TCI GGT CGA CCT GGT TCA GGT GGT GGA GGA TCA 
5 £5 £3 CCA AGA CCA CCT CCA CCA AST CCA CCA CCT OCT AGT 

Ser Sly Gly Gly Gly 6er Gly Gly Gly Gly S.r Gly Gly Gly Gly Ser 



20 



25 



Bspmi xbai 



G6A GST GGT GGA TCA ©GT GGA GGA GGT TCT CCA GGT GGA CCT TCC GGA T 3« 
CCT CCA CCA CCT AGT CCA CCT CCT CCA AGA CCT CCA CCT CCA AGG CCT AGATC 



toy Gly Gly Gly Ser Gly Gly Gly Gly ser Gly Gly Gly Gly ser Gly 



The nanainJng portion of the linker is added during vector construction as described 
30 below. This oligonucleotide as well as those discussed below may be synthesized on 

an automated DNA synthesis machine such as those available from Biosearch, Inc., 

San Rafael, California or Applied Biosystems. 

The linker encoding oligonucleotide is cloned into a vector that preferably 

contains multiple restriction endonuclease cleavage sites that may be employed for 
35 inserting the sequences encoding LIF-R and gpl30 on either side of, and in the same 

wading frame as, the sequence encoding the linker. One such vector is designated 

pBLUESCRIFT SK® which is available from Stratagene Cloning Systems, La Jolla. 

California. This plasmid vector is replicable in £. coU and contains a polylinker 

segment that includes 21 unique restriction sites. The plasmid is digested with the 
4Q restriction enzymes Barnffl and Xbal and the linker-encoding oligonucleotide is ligated 

into the vector using conventional techniques. A recombinant vector containing the 

inserted oligonucleotide sequence is identified by restriction endonuclease analysis and 
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W „. gel alemrophoresis. ADNA seouence »»ding "F* i» 
uSijPT SK® vector upsneem of the ate- olttoracleoode nude 

, .h, 4o wen too™ polymery chain tescnon (PCR) procedure. The fbllown>g 
SEQIDNO:8 (pHjonBeleoiidcNo.1) 

Q a 1T 

15 SBQIDNO:9 (Oligonucleotide No, 2) 

3, bfflieuau^^ S ' 
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40 



SBQIDNO: 10 (Oligonucleotide No. 3) 
5 * CGCGTCCGGAGG&GG 



PSrpMI1 -^TGG^CIGAACTTCTAGATCC^GTGGTTATATC 



45 



SBQIDNo.ll (Oligonucleotide No. 4) 

3 . cA&ACGAGTTCCTCTTTAACTTATCCGCCGGCGTACG S« 

• * 

OBgonucboude, 1 and 2 are used to a KR reaction » ^ 

I^e, described by Gearing aaLsw.ro. The DNA and encoded ammo acid 
cloned as oesenoeo « » cloning vector 

sequences of the CDNA done aie repiesmiei m SEQ Dj NO. 5. rue otv 8 
which contains this human LIF-R cDNA clone was deposited in B. coU host cellswidi 
^American Type Cutaue Collect^. Rockvffl.. Maryland, 7MJL on December 1. 
SHT^epHUFR.65 (ATCC Accession Number 6frWl).jn» deposit 
„de under the^ndidons of the Budapea Treaty. The J pnmer 
dte.uucleonde Ho. 1. which includes a DNA sequence eneodmg *°^ 8e ^° 
a7ds of u« signal sequence of UF-R and .bo comprises upsneam sequences that 
Lnod.ce a Sal 1 xestricdon endouoeUaee cleavage sue. Ongonud^de^ » 
e«U. of annealing to the (-) strand mat is complemennny»nncleonde. 179-202 of 
SilDNOtS. The 3' primer is oligonucleotide No. 2. which connuns a sequence 
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compfcmemsiy to nucleotides 2651-2677 of SEQ ID NO: S <i.e., includes anti-sense 
nucleotides encoding the last nine amino adds of the extracellular domain of LIF-R). 
• Immediately downstream of the LIF-R encoding sequence, oligonucleotide No. 2 
contains a sequence encoding (Glyfc Ser. and also introduces a BamHI restriction 
5 cndonuclease cleavage site. 

A PCR reaction employing oligonucleotides Nos. 1 and 2 thus isolates and 
amplifies a DNA sequence encoding an LIF-R fragment containing the entire signal 
sequence and the entire extracellular domain but lacking the transmembrane region and 
the extracellular domain. The (Glyfc Ser sequence attached to the 3' terminus of the 

10 LIF-R fragment is part of the polypeptide linker in the final construct 

Any suitable PCR procedure may be employed. One such procedure is 
described in Sarki et aL. Science 239:487 (1988). Another is described in 
Recombinant DNA Methodology, Wu et al., eda., Academic Press Inc., San Diego 
(1989), pp. 189-1 96- In general, PCR reactions involve combining the 5' and 3" 

15 nucleotides with the template DNA and each of the four deoxynucleoside triphosphates 
in a suitable buffered solution. The solution is heated. (e.g. from 95' to 100°CO to 
denature the double-stranded DNA template and is then cooled before addition of a 
DNA polymerase enzyme. Multiple cycles of the reactions are carried out in order to 
ampKfy the desired DNA fragment. 

20 An example of a suitable PCR procedure is as follows. All temperatures are in 

degrees centigrade. The following PCR reagents are added to a 1.5 ml Eppendorf 
microfnge tube: 10 pJ of 10X PCR buffer (300 mM KCL 100 raM Tris-HCl, pH 8.3 
at 25-G 25 mM MgCfc, and 1 mg/ml gelatin) (Perkin-Elmer Cetus, Norwalk, CN), 10 
pl of a 2 mM solution containing each dNTP (2 mM dATP, 2 mM dCTP, 2 mM dGTP 

25 and 2 mM dTTP), 2.5 units (0.5 fil of standard 5000 units/ml solution) of Taq DNA 
polymerase CPerkin-Elmer Cetus), 50ng of template DNA, 5 ul of a 20 solution of 
each of oligonucleotide primers 1 and 2, and 74.5 Hi water to a final volume of 100 pi 
The final mixture is then overlaid with 100 ui parafin oil. PCR is carried out using a 
DNA thermal cycler (Ericomp, San Diego, CA) by initially denaturing the template at 

30 94' for 90 seconds, reanncaling at 55* for 73 seconds and extending the cDNA at 72* 
for 150 seconds. PCR is carried out for an additional 20 cycles of amplification using a 
step program (denaturation at 94', 25 sec; annealing at 33\ 45 sec: extension at 72". 
150 sec.), followed by a 5 minute extension at 72* . 

The sample is removed from the parafin oil and DNA extracted by 

35 p'henolchloroform extraction and spun column chromatography over G-50 (Boehringex 
Mannheim). A 10 |il aliquot of the extracted DNA is separated by electrophoresis on 
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M SeaKem™ (FMC Bloftodacs, Rocked, ME) and ^^ff" 

^^tto FCR-mpHfied CDNA predocB axe then digcated «lh Sail and BanSJI 

bd0 "" A jje^id veoor crnttdntag nmnan a-130 cDNA «. d^oritri i« * 
u snain D H5oho* cdb with *e a™ TVpe Ol1»» CoUecdon, Ro« 
Maryland under the nam* B10G/PDC303 (PH5c) on November 14. 1991^ 
^rfATCCAccc^ca No. 68827. The deposit was made under to * 
£eltai3ape6t Treary. Tie DNA and encoded amino acid sequences of this cloned 
cDNAareshowninSEQIDNO: 1. 

oligonucleotides 3 and 4 are employed in the polyo»ra» cta» . «.cnom 
^ocedure O anwUfy and isolate a DNA fragment encoding SerCGly), Ser Mtowed by 

gp!30 proidri. The JT prirner. oligonucleotide No. 3. includes n^eoddes 310 to 336 
SsEQ^D NO: 1. which encode the «m nine amino acid, of «w *P»0 

jn urorern. ttu* nucleotide »<p.n» i. capable of annealing to die (-) atrand .hat a. 
e^Lene=y to mcleottdes 310 to 336 of SEQ ID NO: 1. OBgonndeonde Mo. i 
rtccdeaTo^ SV sequence dheCy opstream of (and in the 
ftLe a.) tie gpl30 sequence, andfather po*Mooa a BapMn resocnon endonoclease 
a™. ste near the 5- tenninue of fte SertQy* Set -encc<Hi« sequence. 

« m 3' primer. oligonucleotide No. 4, includes a sequence conqJnm^tary to 

M dcomi«20B0to2100of,SEQIDNO : 1. i.e, indudes anti-^c noclcoodw 
I^fcte^«to^rfd-^---W-*-* OlBonndeonde 
No 4 Bosito a ^top ccdon immediately sfto the gpl30 seqoei.ee and also mscm . 
Nofl ^ricdon a^ownsKam *>Uowing amplified of the 

30 PCR. the PCR reacden products are digetted with EspMH and NotI and 4c destred 

fiaiiment is isolated. s 

The above-described IIF-R, SexCGly^SerfcGly linker, and gpl30 encoding 
freemen* are assembled Into a single DNA sequence as follow*. The 

Se^SerkGlylink^ 
35 digestion with B an^ and B^ Tne linker fragment is then hgtued to the 3^ end of 
Ae^JF-R fragment (cleaved at its 3' tenrdnus after the Gly4Sersequence wttk 
BamHI). The ligation is conducied under conventional conditions- The 3 end of the 
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linker fragment is lifted to the BspMH-cleaved 5' end of the gpl30 fragment. The 
resulting DNA fragment encodes a receptor of the present invention comprising, (from 
5' to 3') the signal sequence end extracellular domain of LIF-R attached to a (GIy4Ser)8 
polypeptide linker which is attached to the mature coding sequence of the gpl30 
5 extracellular domain. 

This DNA fragment may be inserted into any suitable cloning and/or expression 
vector. For example, the pBLUESCRIPT SK® vector may be digested with Sail and 
NotI and the ligated DNA fragment inserted therein. E. coli cells are then transformed 
with the recombinant vector by conventional procedures. 

10 In an alternative procedure, the pBLUESCRIPT SK® vector containing the 

SerC01y4Ser)6Gly linker sequence is digested with Sail and BamHI and the above 
described UF-R-encoding fragment is inserted therein. The resulting vector is then 
digested with BspMB and NotI and the gpl30-encoding fragment is then inserted to 
form the DNA sequence encoding the receptor of the present invention. The cloned 

15 receptor-encoding DNA fragment may be excised and inserted into any suitable 
expression vector (chosen according to the type of host cell that Is desired) using 
conventional procedures. Host cells transformed with the recombinant expression 
vector are ciflrivaied to produce the receptor protein. Mammalian host cells are 
generally preferred for producing the recombinant receptor fusion proteins of the 

20 present invention. 

The receptor-encoding construct may be excised by Sail and NotI digestion and 
inserted into a vector suitable for use in niarnrnalian host cells. One suitable vector is 
designated pDC406. cDNA molecules inserted at the Sail site of this vector are 
transcribed and translated using regulatory elements derived from HTV and adenovirus. 

25 pDC406 contains origins of replication derived from SV40, Epstein-Bair virus and 
pBR322. The pDC406 vector inio which interleukm-1 receptor cDNA has been cloned 
has been deposited with the American Type Culture Collection, Rockvffle, Maryland 
USA under accession number CRL10478. The interleukin-1 receptor cDNA may be 
excised from the vector using conventional techniques and replaced with the receptor 

30 encoding DNA of the present invention prepared above. pDC406 is a derivative Of 
HAY-EO described by Dower et al., J. Immunol 142:4314 (1989). P DC406 differs 
from HAY-EO by the deletion of the intron present in the adenovirus 2 tripartite leader 

sequence in HAY-EO. 

Examples of suitable mammalian cells for expressing a receptor fusion protein 
35 include CV-1 cells CATCC CCL70) and COS-7 cells, (ATCC CRL 1651) both derived 
fiommonkey kidney. Anothermonkey kidney cell hne CV-1/EBNA (ATCC CRL 
10478) was derived by transection of the CV-1 cell line with a gene encoding Epstein- 
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Barr virus nuclear antigen-1 (EBNA-1) and with a vector containing CMV regulatory 
2££ SecMcMahan et aL, EMBOJ. JMOl (199!, ^™ ^ OWS 
f^ P i^xepEc a dcm of .xpx^on vectors, such * HAV-EO crpDC^,^ 

contain the EBY origin of rcpHcation- 

^ Example 4 

mmngi— n rn fi fr r^" too^T*** Wipe** 

This receptor of Ac present invention differs from that of Example 3 in that the 
UF-Rpdypeptide (which was the 5' polypeptide in the receptor of Example 3) * now 
^SSS** The following oligonucleotides were synthesized for use « 



15 ^^^^cb^^gttcac^tgca^^ 3' (oligoMcleoddc no. 5) 
■ ^c^cL-ctc^c^cctcctcc^x^^ (oligonucleouc* no. 6) 



20 



no. 7) 



25 SEQIDNO:15 

3 

8> 



30 



35 



)NO:15 

^CA^cACCACT^iTCcrTTa^^TCGCCGGCGT^ 5' (oligonucleotide no. 

Oligonucleotides 5 and 6 axe erx^loyed in a polymerase chain reaction procedure 
to isolate a iragmcm of gpl30. The 5' primer (oKgonucleotlde number 5) includes 

adds of the gplSO signal sequence). Oligonucleotide number 5 also includes a 
Louenc that introdnces an upstream Sail d*. Tms nucleotide sequence ^capable of 
Telg to the (-) strand thar is complementary to nucleotides 244 10 » 
NO-l The 3' primer (oligonucleotide number 6) includes a sequence complementary 
to^acieoildes^to 2100 of SEQ ID NO: 1, U. includes antisense nnclcowto 
coding the last seven amino adds of the gp-130 extracellular domain. 



t 
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Oligonucleotide nurobei 6 also encodes a Gly4Sex sequence immediately 3' to (ana in 
phase with) the gpl30 sequence, and also insens a downstream BamHI site. 

A PCR reaction is conducted as described in Example 3 but employing 
oligonucleotides 5 and 6 on the gpl30 cDNA template. A DNA sequence encoding a 
5 gpl30 fragment thai includes the S signal sequence and the entire extracellular domain, 
but none of the transmembrane region or the cytoplasmic domain, is isolated by the 
PCR reaction. A Gly4Ser sequence is fused to the 3' terminus of the gpl30 fragment 
The PCR reaction products are digested with Sail and BamHI and the desired fragment 
is isolated. 

10 An LIF-R fragment is isolated and amplified by a PCR reaction employing 

oligonucleotides 7 and 8. The 5' primer (oligonucleotide number 7) includes 
nucleotides 311 to 331 of SEQID NO: 5, which encode the first seven amino acids of 
die mature LIF-R protein. This nucleotide sequence is capable of annealing to the (-) 
strand complementary to nucleotides 311 to 331 of SEQID NO: 5. Oligonucleotide 

15 number 7 also encodes a Gly4Ser sequence fused to the 5' end of the LIF-R sequence, 
and inserts an upstream BspMH site. The 3' primer (oligonucleotide number 8) is 
complementary to nucleotides 2651 to 2677 of SEQ ID NO: 5 (which encode the last 
nine amino adds of the LIF-R extracellular domain.) Oligonucleotide number 8 also 
adds a stop codon at the 3' end of the LIF-R sequence, and inserts a Not I site 

20 downstream. The PCR reaction products are digested with BspMH and Nofl and the 

desired fragment is isolated. 

A DNA sequence encoding the desired receptor protein is prepared by ligating 
the BamHI site of the gpl30 fragment prepared above to the BamHI site at the 5' 
terminus of the linker fragment described in Example 3. Likewise the C-terminus of 

25 the linker encoding fragment is ligated at the BspMH she to the complementary site of 
the LIF-R encoding fragmeni prepared above. The resulting DNA fragment may be 
cloned into an expression vector using procedures described in Example 3. The 
receptor encoded by the isolated DNA fragment comprises (from the N-terminus to the 
C-terminus) the signal sequence and extracellular domain of gpl30 attached to a 

30 <Gly 4 Ser)g polypeptide linker which is attached to the mature coding sequence of the 
T.TF-R extracellular domain. 
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Example 5 

p Wm V w r ,.r^^»* m *«K^mV *W^ 

p^gepnflf T Ma 

5 A rcccptt* pre;,^ in accord*-* ««* ^ * "^f * 

Kgnre 2 l£*D«** oiisonndeoudcs m Resized - - P-P—S 

leceptor fusion protcmt 
no. 9) 

15 AalJF^codingDmKqnenceisls^ 

s.ll dieudhula described in Example 3. The 3 pnmer » 
„„ ^1 m 2S77 of SEQ ID NO: 5. i-t. tacludes anSscase nucleotide! encodmg die las 
. doMstrem. Bgm^ie, The reaeiion prottoc* are dusted wthSaHand 

digestioo. ^ encoding DNA fragment is isolated and atnplified by PCR reaction 

^feL SaH s»e and has been described above i. Ex^c Tne 3r£«r» 
30 l^elec^ number 10, winch ind^^ 

30 ^ 2!00 of SEQ ID NO: 1, i.e., WW- ^J^^* 

^an^addscf^gplSOe^oiardcn.-nn. OB£ onndeond. cnmb» 10 dao 

^.downareamBgm^ ^cKmrcacnonp^c* " ™ 
BjDI. and die dcAed gpl30 encoding DNA fagmett is isolated by gel olcctn^horesu 

25 ^econveiinonaltecinniqpe*. . - , 

eDNA encoding . single Cain polyene* 
flum! » IgOl antibody has been cloned too the aboye^cribeipBUJESCBIPTSK 
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vector to produce a recombinant vector designated hlgGlFc. A unique BglTJ site is 
positioned near the 3' end of the inserted Fc encoding sequence. An Spel site is 
immediately downstream of the stop codon. The DNA and encoded amino acid 
«quencesoftheclonedFccDNAarepresentedinSEQIDNO: 3 and SEQ ID NO: 4. 
5 • The Fc polypeptide encoded by the cDNA extends from the N-texminal hinge 

legion to the native C-terminus, Le., is an essentially full-length antibody Fc region. 
Fc fragments, eg., those that are truncated at the C-terminal end, also may be 
employed. The fragments should contain multiple cysteine residues (at least the 
cysteine residues in the hinge reaction). The antibody from which the Fc polypeptide is 

10 derived is preferably of the same species as the patient to be treated with the fusion 
protein prepared therefrom.. 

PUsmid UgGlFc is digested with BgHI and Sail and the BglH/Sall LIF-R 
fiagment prepared above is ligated into the vector by conventional techniques. The Fc 
encoding sequence is positioned downstream of, and in the same reading frame as, the 

15 LIF-R sequence. In a separate reaction, the above-described Sall/Bgin fragment of 
gpl30 is also inserted into the same vector. Plasmid vectors containing the desired 
PNA insert are identified by restriction endonuclease digestion analysis, using 

convention techniques. 

The cloned DNA segment encoding the LTF-R-Fc fusion polypeptide may be 

20 excised from the pBLUESCRIFT SK® vecior by digestion with Sail and Nod. 
Likewise', the DNA segment encoding the gpl30-Fc fusion polypeptide may be excised 
by Sall/Notl digestion. Each excised DNA segment is Inserted into an appropriate 
expression vector, depending on the type of host' call that is desired. One suitable 
expression vector is the plasmid pDC406. which may be transformed into mammalian 

25 host cells as described in Example 3. 

In one embodiment of the invention, an expression vector encoding the LTF-R- 
Fc fusion and a second expression vector encoding the gpl30-Fc fusion are co- 
transfected into the desired host cells. Two separate recombinant polypeptides are thus 
produced in the host cells. The first polypeptide comprises the Fc polypeptide fused in 

30 frame to roe C-terminus of the gpl30 fragment The second polypeptide comprises the 
Fc polypeptide fused in frame to the C-tcrminus of the LIF-R fragment Disulfide 
bonds that form between the two Fc regions covalently link the two separate fusion 
polypeptides into a receptor protein of the present invention. 

Alternatively, the LIF-R-Fc and gpl30-Fc polypeptides may be separately 

35 transformed taio host cells (as opposed to co-iransfection into the same host cell) The 
two polypeptides are purified from the host cells and then combined in a suitable 
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knff „d KOuflon. wber^on tawUb di^Hde bend, ta. b«««. *e ™> *c 
"^H.**.!—* HkldU^I my of. number rfconyen*^ 
™«ta nriflctfloo wtaiqwe. Sine' Fc «*<»» 611,1 " V™*" A 

£Zb OT« rr^crid may b. «^oy«a in the pmfflcafloa pro**. In «* 

ZsJa mBx» (PBS). The adsorbed rVconutog ftsion pro»m dottd w.tb 50 
pH 3 m d bxousb, to pH *7 witb 2 M Tris buffer, pH 9 F»£ 

or OSM bound thereto. 



10 



15 



20 



25 



30 



35 



Example 6 

Preparations of apurlfledicc^iurprotcin of thepr^entinventio^ or 
tonsffccied COS cells expressing high levels of the receptor, arc a ^°j^ fbnexamDle, 
^nocTal bodies Mri»«»»V - coovennonal techn^es, for c» 
Those disclosed in U.S- Patent 4*411,993. To in^mdze mice, t«^«-o«^oa 
* exnulrified in complete Rennff S adjuvant and injected subcataneondy » amounts 
^tnlO-ZgintoBaWcnnc. Ten to twelve days later, the 
^.eWed with additional immunosen eo.ul^edin^et.FreundS 
adjovantandpcnodically boo**d thereafter on a weeWy 
Xule- Sernrn^es are periodically taken by rerro-orbital bleeding or tafl-trp 

testingby doWblotassay (antibody sandwich) oxELISA 
^tbentassj). Other assay procedure, era also Stable. Follow^detecnan 
of an appreciate anr*ody*^ 

an* Jin saline. Three to Ibur days later, the anirnafc ^ «^e* sjOen^ 
va^andfecdtotbemu^en^^c^hneNSl. Hybrido^hnes 

ShB (h^antinc, arnfcopterin, ondthynddine) to inhibit pronfer^on of n^fuscd 
cells, myeloma hybrids, and spleen cell hybrids. * - . . . . 

Hybxidoma clones thus generated can be screened by ELISAfbr ranw wuh 
& reenter protein, fox example, by adaptations of «bc techniques disced by EngvaU 
*ZZJL*m &171 (1971) andinU^.P^.704.004. 
toiojeoted into the peritoneal cavities of syngendcBalb/c nncc to produce aaates 
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containing high concentrations (greater than 1 mg/ml) of anti-receptor monoclonal 
antibody. The resulting monoclonal antibody can be purified by ammonium sulfate 
precipitation followed by gel exclusion chromatography, and/or affinity 
chromatography based on binding of antibody to Protein A of Swphylococcus aureus. 

5 

Example 7 

flEigmdhneric RecetnOT 

An expression vector encoding a fragment of the human LIF-R exrxacellulaT 

10 domain fused to a polypeptide derived from the Fc region of an antibody was 

constructed as follows. A second expression vector encoding a fragment of the human 
gp!30 extracellular domain fused to an Fc polypeptide also was constructed 

Plasmid pHLIF-R-65 (ATCC 68491), which contains human LIF-R cDNA in 
expression vector pDC303 as described in example 3, was digested with the restriction 

15 enzymes Asp718 and Xmnl. Asp718 cleaves the vector upstream of the LIF-R cDNA 
insert Xmnl is a blunt cutter that cleaves within the codon for amino acid number 702 
(Asp) of SEQ ID NO:5, upstream of the transmembrane region. The desired 
Asp7J8/XmnI fragment (about 2,444 bp in length) was separated by electrophoresis on 
* an agarose gel and purified by conventional procedures using an Elurip column. 

20 A recombinant vector designated hlgGlFc, comprising cDNA encoding a single 

chain polypeptide derived from the Fc region of a human IgOl antibody in a 
pBLUESCRIPT SK® vector was described in example 5. The DNA and encoded 
amino add sequences of the cloned Fc cDNA arc presented in SEQ ID N03 and SEQ 
ID NO.4. A polylinker region comprising a number of restriction sites is positioned 

25 immediately upstream of the Fc cDNA. 

Plasmid UgGlFc was digested with Asp7J8 and StuI, which cleave within the 
pollylmkcr upstream of the Fc sequence. The Asp71 6/XmnI LIF-R fragrant prepared 
above was ligated into the cleaved WgGlFc vector by conventional techniques. StuI 
sniXmnl bom produce blunt ends, which will ligate togeiher. In the resulting 

30 recombinant vector, the Fc encoding sequence is positioned downstream of, and in the 
same reading frame as, the LIF-R sequence. The encoded LTF-R/Fc fusion protein 
ccinpriflefl amino acids -44 to 702 of SEQ ID NO:5 (LIF-R), followed by six annuo 
adds constituting a peptide linker encoded by the polylinlcer segment of plasmid 
hlgOlFc, followed by amino acids 1-232 of SEQ ID NO:3 (Fc). E. coli cells were 

35 transformed with the ligation mixture and plasmids were isolated therefioiu by standard 
procedures. Plasmid vectors containing the desired DNA insert were identified by 
restriction endonuclease digestion analysis. 
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^cleaves ^vector in apol^^n just down^ of the PC cDNA^ 
^L^edDNA segment C3^ ^) Is i^crtcd into an .pprc^ expr^ sum 

^ctor is pCAV/NOT, a maismalian expression vector desenbed on PCT epphcaiion 

^ '^V/Nar was cloved wifc A*7iS and*** both of which cleave in the 
^cloning**. ml^I^coding^i^DNA^entpreparcd 

^LTTollows Recombinant vector B10GA.DC303 (ATCC 68827) 
ZT«Llrin« S ovnhsw was rendered btaa osinj T4 DNA polymerase. TO 
£2££-d vecw«as then and-US* which de«v« »«* vector 

^T^Ip^OT u^cn vector SF CAV/NOI Is 

digested vector Sr LAv/iwi« AAJ ^^^ VT - re r AV/MOT 

e^y itahd » SF CAV (ATCC 6892?) tat H*» W — *<™» 
^«LMy idenncal to pCAWOT, ocacribedinPCTappheanon WO 
„ s ac ^cnt of O. -too*** tripartite leader CITD c_, a crypae 

^^orcr 5. potency disadvantage* for preparW an* "olattng » 
icoomH™"* Tdagarid in bacterial cells. . , a _j 

30 tbarafrom by conventional precede, and 4c tafed 
M ^byxestricnon* 

recombinant vector compri^ ©cm N- to C-temfinos) « ac.ds -22 - 58J j£^ 

tojd^afar^SmetrfP^ bljQlFc. followed by ^mnoactd. 1-232 of SEQ ID 

* ^ cell, (ATCC CRL 1651) were affected wither *. UB-^c 

acaSBS recombinant exprc^on vector or th. splSO/Fcneoding expression vector 
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prepared above, or with both expression vectors. The cells were cultivated to allow 
expression of the soluble fusion proteins. The expressed proteins were recovered by 
incubating culture supernatant with Protein G Scpharose beads (available from 
Pharmacia) overnight at 4°C then pelleting the beads by centrifugarion. The binding of 

5 ^.labeled human oncostatin M and i^I-labeled human UF by the proteins bound id 
the beads was analyzed. 

Binding affiniry was determined by performing a variation of a standard 
Scatchard analysis. The binding assay procedure was similar to that described by 
Mosley et al. (Cell 59:335, 1989) except thai the proteins, being soluble, are attached to 

10 Protein G Sepharose beads rather than being on the surface of the transfected cells. 
Briefly, in a 96-well microliter plate, each of ten 1:2 serial dilutions of 125I-1JF or *25l- 
oncosiarin M was lncubaied with a sample comprising the expressed proteins (bound to 
the beads) xesuspended in RPMI 1640 containing 2.5% bovine serum albumin. 03,% 
(V/V) sodium azide and 20mM Hcpcs, pH 7.4, for 2 hours at 4°C with agitation. 

15 Puplacate standard cold competition wells also were incubated. Centrifuge tubes 
containing bovine calf serum were used in place of the phthalatc oil mixturc-contdning 
tubes in the separation method described by Dower et al., J. Immunol. 132:731 (1984) 
and Park et al.. /. Biol Chem. 261:4177 (1986) and in example 1 above. Aliquots of 
each incubation mixture were transferred to the tubes. After centrifugarion. tubes were 

20 cut, the radioactivity counted, and processed as for standard Scatchard analysis. 

Figure 7 presents Scatchard analyses of the binding of 12S 1 oncostatin M by 
gpl30/Fc homodimcrs produced by the cells transfected with the gpl30/Fc vector alone 
(upper left) and by the proteins expressed by the co-transfected cells (lower left). 
Scarchard analyses of the binding of ™1 UF by LIF-RVFc homodimers produced by 

25 the cells transfected with the UF-R/Fc vector alone (upper right) and by the proteins 
expressed by the co-transfcctcd cells (lower right) are also presented in figure 7. A 
Bhift toward higher affiniry binding of oncostatin M by the proteins recovered from the 
co-transfecied cells, compared to the gpl30/Fc homodimcr, is evident from figure 7. 
Likewise, the data in figure 7 indicate a shift toward higher affiniry binding of UF by 

30 the proteins recovered from the co-transfected cells, compared to the LIF-R/Fc 
homodimer. The shift toward higher affinity binding indicates the presence of 
heterodimers comprising LIF-R/Fc and gpl30/Fc, and further indicates that the UF-R 
end gpl30 moieties are cooperating, i.e., interacting, iii the binding of oncosiatin M 
and UF. Controls demonstrated no oncostatin M binding by LJF-R homodimcrs, and 

35 ' no LIF binding by gp 130 homodimers. 
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Example 8 

r rrrrr ^p^ nr r nnf l ml""- 1 — "" T QHnnnFWTiomiiB 

DMA sequences er^soI»rteIJF-R^^ • 

toEOTI dontfins .fiords the advance of reducing the srze of*. L^*^ 
gplSO/FcfusiOTprotOTa. HoUF-Rpotemoi^ ^ The toe domains 

^TS^d JeL*. «bo acids 487 Cite) to 3M tAsfi>.5SJ(Aq>)io 

.-^ „ ffto), wo 497 ffro) to S97 (Gto). respectively, of SEQ IDNCKi. «™ 
^ * Wsto FNTH domains may be removed f™ *p lM or UF-R to reduce 

U .^t^ vectort^eom c^mpleT wim tr*r^cdon — >^ 

S^™« of Draff) and filling in the resaWn* overtop T4DNA . 
^^rill^Stnconvenn^proccdore,. Tn.recognMonnteforEcoO 1091 

4Q SE^*, 8-9 of the first ROT domain of UH«. Tne clewed vector w^n 
nZLHT* MB andBcoRS. The recognition site for BstXl spans »«d~n*» 

SrlQIDNO^and E eoR5 (which 5 enera*s biuntends) 
^L^up^oftheFcsdnencc Tne BstX^oM fagment (oo^npng 
S^^cae vector, tbcennrcFe ^nenc«,^apor M nc Jt hep 0 W 

construct encodes a fusion proton composing (fromN to werrmn j ^ 

/toA nf 9"ED ID NO:5 CLIF-R), a four amino acid spacer peptide -Bis-Arg-Tyr-Yal 

^ITypcptfTmoiety confabs the first 8 arrdio ados of the first ^ ™ 



35 



^he FNin domains of splSO wo, removed by digesting the x^ombinant 
enX^-erccdtogc^e^vectorr^paredin example wlmBstXl. tobtomg 
ovSa^I"NA polymerase accord^ to '^^^^ 
^Tsite lor BstXl spans nucleotide 123W242 of SEQ ID MM mW. 
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cleaving within the codons for amino acids 10-1 1 of the first FNHI domain of gpl30. 
The cleaved vector was then digested with EcoR5, which cleaves within the polylinker 
upstream of the Fc sequence and generates blunt ends. The (BstXl)/EcoR5 fragment 
comprising the 5' end of gpl30 (lacking the FNIII domains), the vector sequences, the 
5 Fc sequence, and a portion of Ae polylinker, was ligated. E. colt cells were 
transformed wlih die ligaiion mixture, plasmids were isolated therefrom, end the 
desired recombinant plasmid was identified by restriction analysis. The fusion protein 
encoded by the construct comprises (from N- to C-terrainus) amino adds -22 to 308 of 
SEQ ID NOS (gpl30), a four amino acid spacer peptide -Asn-Arg-Tyr-Val- encoded 

10 ' by the polylinker segment, and amino acids 1-232 of SEQ ID NO:3 (Fc). The s>130 
polypeptide moiety contains the first 9 amino acids of the first FNIII domain, but lacks 
the remainder of the first FNUI domain and all of the second and third FNIII domains. 

FNIII domains may be deleted from the gpl 30 component of a receptor of the 
present invention, from the L3F-R component, or from both. In one embodiment of the 

15 invention, COS-7 cells were co-transfected with the soluble LIF-R/Fc-encoding 
mammalian expression vector prepared in example 7 and the mammalian expression 
vector encoding a soluble gpl30/Fc protein lacking the FNIII domains prepared above. 
Analysis of the expressed proteins by SDS-PAGE revealed a band of the molecular 
weight expected for the heterodimer, along with bands that include those of the 

20 molecular weight expected for the two homodimers. Scatchard analyses conducted 
according to the procedures described in example 7 demonstrated a shift toward higher 
affinity binding of LIF and oncosiarin M for proteins expressed by the cc-transfccted 
cells compared to the corresponding homodimers. This result indicates the presence of 
heterorHmers comprising LJF-R/Fc and gpl30/Fc, and further indicates that the LIF-R 

25 and gpl30 moieties are cooperating, i.e., interacting, in binding oncosiarin M and LIF. 

HPTP.T DBSCETPTTON OF T HB SEQUENCE LISTING 

SEQ ID NO:l and SEQ ID NO:2 present the DNA sequence and encoded amino acid 
30 sequence for cloned cDNA encoding an N-terminal fragment of gpl30. 

SEQ ID N03 and SEQ ID NO:4 present the DNA sequence and encoded amino add 
sequence for cloned cDNA encoding a polypeptide that corresponds to the Fc region of 
anlgCl antibody. 

35 

SEQ ID NO:5 and SEQ ID NO:6 present the DNA sequence and encoded amino add 
sequence for doned cDNA encoding an N-tcmnnal fragment of LEF-R. 
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receptors of the present invennon. 
xeccptoxs of the present invention. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(ij APPLICANT: Gearing, David P. 

(ii) TITLE OF INVENTION: Receptor ror Oncost atin M and Leukemia 
Inhibitory rector 

(ill) NUMBER OF SEQUENCES; 17 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: IronvunAac Corporation 

(B) STREET: 51 university Street 

(C) CITY i Seattle 

(D) STATE: WA 
{B) COUNTRY i USA 
(F) ZIP: 98101 

(v) COMPUTER READABLE FORM: 

<A> MEDIUM TYPE: Floppy diek 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM; PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.23 

CURRENT APPLICATION DATA: 
<A> APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(Viii) ATTORNEY/AGENT INFORMATION; 

(A) NAMEs S««sB r Kathryn A. 

(B) REGISTRATION NUMBER; 32,172 

(C) REFERENCE/DOCKET NUMBER: 2607 

(ix> TELECOMMUNICATI ON INFORMATION: 
JA5 TELEPHONE: 206-587-0430 
(B) TELEFAX* 206-587-0606 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2369 base pairs 

(B) TYPE: nucleic acid 

(C) 5TRAND2DNESS; single - 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: eDNA to mRNA 

(iii) HYPOTHETICAL J NO 

<iv) ANTI -SENSE: NO 

(V) FRAGMENT TYPE; N-tewiinol 

(Vi) ORIGINAL SOURCE; 

(F) TISSUE TYPE: human placenta 



(vii) IMMEDIATE SOURCE: 
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(B> CLONE! B10G/PDC30S 
(BJ X^CATXOS: 244.-2369 
(B> lOCMMOMs 310..236S 

1120 r ST^»« E / KEx: sia - p f?^ to 

(B) I»OCftIIOWs 344.. 309 
{jti) gfiQUEMCE DESCRIPTION: SSQ TD »0:1* 

seCCCGCGGR C3CCCe c Ifi s cccscccce* <»» 

&aCCCBa ^ ^«rr CCCTGTCGRG ACGCGGAGG5 

qCCQACQOGT C^CCC^C CTGGCGCC** 5SGGTXCQTG CGCTG**^ 

^.B KSBSACCCAA nQllUMC »»tC»H» craSTAGAAS 
^OCZ*: ^TCCC^ TCCITCACTT MUff-M. A^CCGCGC 

&CX m „ mrfc „ fc o^fi T mG TIT ACT TTC 



5SSSSS5SS55S5KS 

ssssapsEssssasss 

10 — .w' r*<P TVP TTT CAT SXA AM SCI *** 

» GTG CS* *** « « 2J ^ S His va! *sn Ala ASH 

Cys Val tys Glu IffS * | 5 40 

- *»r ATI CTT ACS- TTC GGA CAS CXT 

——"■sasss— SIS *»«-"»««-»- 

Ser ten Asn Zle »n 80 85 



60 
120 
1B0 
240 
280 



" on 

-22 -20 

t^»p Arc 33« 



480 
528 
576 
624 
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TO* GAG TGG GAT GET GGA AGG GAA ACA CAC TTG GAG ACA AAC TTC ACT 720 

CV8 Glu TIP Asp Gly Gly Arg Glu Thr His L«u Glu *hr Aan Phe Thr 

12S !30 135 

TTA AAA TCT GAA TGG 6CA ACA CAC AAG TTT GCT GAT TGC AAA GCA AAA 768 

Leu Lys Ser Glu Trp Ala Thr His Lys Phe Ala Asp cys Lys Ala Lys 
140 145 150 

CGT GAC ACC CCC ACC TCA TGC ACT GTT GAT TAT TCT ACT GTG TAT TTT 816 
Are asp Thr Pro Thr Ser Cys Thr Val Asp Tyr Ser Thr val Tyr Phe 
!8S 160 16S 

GTC AAC ATT GAA GTC TGG GTA GAA GCA GAG AAT GCC CTT GGO AAO &CT 864 
Si Aen He Clu Vel Trp Val Glu Ala Glu Aan Ala Leu Gly Lys Val 
170 173 180 18* 

ACA TCA GAT CAT ATC AAT TTT GAT CCT GTA TAT AAA GTG AAQ CCC AAT 912 
Thr Ber Aap Hie He Aen Phe A.p Pro Val Tyr Lye v»l Lys Pro Aan 
190 193 200 

res CCA CAT AAT TTA TCA GTG ATC AAC TCA GAG GAA CTG TCT AGT ATC 960 
Pro Pro His Asn l*u Ser Vol He A=n Ser Glu Glu Lau Sex S«* lie 
20S 210 215 

TTA AAA TTG ACA TGG ACC AAC CCA AGT ATT AAG AGT GTT ATA ATA CTA 1008 
Leu Lys Leu Thr Trp IK Asn fn Sex lie Ly» Ser Vel Tie lie Leu 

225 230 



220 



AAA TAT AAC ATT CAA TAT AGG ACC AAA GAT GCC TCA ACT TGG AGC CAG 1056 
Lys Tyr- ASn lie Gin Tyr Arg Thx Lys Asp Ale Ser Thr Tip Ser Gin 
' 235 240 245 

ATT CCT CCT GAA GAC ACA GCA TCC ACC CGA TCT TCA TTC ACT GTC CAA 1104 
lie Pro Pro Glu Asp Thr Ala Se»r Thx Axg Sei Ser Phe Thx Vel Gin 
2S0 255 260 255 

GAC CTT AAA CCT TTT ACA GAA TAT GTG TTT AGG ATT CGC TGT ATG AAG 1152 
Asp Leu Lys Pro Phe Thr Glu Tyr val Phe Arg lie Arg Cya Met Lye 
270 275 • /HO 

SAA GAT GGT AAG GGA TAC TGG AGT GAC TGG AGT GAA CAA GCA AGT GGG 1200 

Glu Asp Gly Lys Gly Tyr Trp Ser Asp Trp Ser Glu Glu Ala ser Gly 
285 290 

ATC ACC TAT GAA GAT ABA CCA TCT AAA GCA CCA AGT TTC TGC TAT AAA 1248 

lie Thr Tyr Glu Asp Arg Pro Ser Lys Ala Pro Ser Phe Trp Tyr Lys 
300 3° s 310 

ATA GAT CCA TCC CAT ACT CAA GQC TAC AGA ACT GTA CAA CTC GTG TGG 1296 
SI Art Pro Ser His Thr Gin Gly Tyr Arg Thr Val Gin Leu Val Trp 
3 15 320 325 

AAG ACA TTG CCT CCT TTT GAA GCC AAT GGA AAA ATC TTG GAT TAT GAA 1344 
Lye Thr Leu Pro Pro Phe Glu Ala A.n Gly Lye lie Leu Asp Tyr Glu 
330 335 340 3« 

GTG ACT CTC ACA AGA TGG AAA TCA CAT TTA CAA AAT TAC ACA GTT AAT 1392 
Val Thr Leu Thr Arg Trp Lye Ser Kie Leu Gin Aen Tyr Thr Val Aen 
350 355 360 
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2hx Xys KB xur V»i iao — ^ * sn * 375 

3 £5 

~ «nrx GAT CCt GCT GTT T?A ACE 

gssssssssssaasss 

395 

2SSSSSSS5SS5S = 5 ! = S!=S: S 

. nr TGG TGT GTQ TCK TC& GAT W» 

„ r-*r THG CM CM G&A GiT GG1 OTG CM C« 

sea. ccc tgt axe acA gac tgs ca* cay *br val His Arg 

445 

460 

475 

ssssjsass5?sss==ass 

540 5 " 
*he Ebr Bfcr S» Iff* Ai.a a ^ 6 00 



I486 



153« 



1680 



1728 



1320 



1968 



2016 
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CCT GTT TGC TTA CCA TTC CTA TTG ACA ACT CTT CTG GGA GTS CTG TTC 2160 

Pro Val CVS Leu Ala Phe Leu Leu Thr Tbr leu Leu Oly Val Leu Phe 
60S 610 615 

TGC TTT AAT AAG CGA GAC CTA ATT AAA AAA CAC ATC TGG CCT AAT GTT 2208 

Cvb Phe Asn Lys Arp Asp Leu He Lys Lys His He Trp Pro Aen Val 
* 620 625 630 

CCA GAT CCT TCA AAG AGT CAT ATT GCC CAG TGG TCA CCT CAC ACT CCT 2256 

Pro Asp Pro Sar Lys Ser His lie Ala Gin Trp Ser Pro His Thr Pro 

63S 640 645 

CCA AGG CAC AAT TTT AAT TCA AAA GAT CAA ATG TAT TCA GAT GQC AAT 2304 

Pxo Arg Kie Asa Phe Aan S«r Lye Aap Cla Me* Tyr Ser Aap Gly Asn 
650 635 6«° 665 



TTC ACT GAT GTA AGT GTT GIG GAA ATA GAA GCA AAT GAC AAA AAG CCT 2352 
Phe Thr Aot> Val Ser Val Val Glu Ho Glu Ala Aan Aap Ly* Lys Pro 
670 675 680 

TTT CCA GAA GAT CTG AA 2369 
phe Fro Glu Asp Leu 
685 

(2) INTORMATION roR SBQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 708 amino acids 

(B) type: amino acid 

(C) TOPOLOGY: linear 
(ii> MOLECULE TYPE: protein 

lxi> SEQUXNCX DESCRIPTION: SEQ I» NO:2: 

Met Lou Thr i»u Oln Thr Trp Lsu Val Gin Ala Leu Phe He Phe Leu 
-22 -20 -IS -10 

Thr Thr Glu Ser Thr Gly Glu Leu Leu Asp Pro Cys Gly Tyr He ser 
-S 1 S 10 

Pro Glu Ser Pro Val Val Gin Leu Bio Ger Aon Phe Thr Ala Val Cys 
15 20 25 

val Leu Lys Glu Lys Cys Met Asp Tyr Phe His Val Asn Ala Asn Tyr 
30 35 40 

He Val Trp Lys Thr Asn His Phe Thr He Pro Lys Glu Gin Tyr Thr 
45 50 55 

Ho He Aon Arg Thr Ala 6er Sox Val Thr Phe Thx Aap He Ala Ser 
60 65 ™ 

Lou Asn He Gin Leu Thr Cys Asn He Leu Thr Phe Gly Gin Leu Glu 
73 80 85 90 

Gl» ASO val Tyr Sly He Thr He He Ser Gly Leu Pro Pro Glu Lyo 
95 100 ID* 
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QI w w «, « s - »• siu - ts * ta *" 



125 

,« IIF ,1. IhX Hi, W 3 "P £ - ^ "* 



^^.x.m^^*- ~ »• *■ iS"*" 1 Wr "* IS 



140 

Ma a . «P ^ - — » — •* - S 

„, «, Hi. n. m *» — ~ a * ^ SS " 

150 

P„ B. *~ M M * «• - -«•»»"»»• S ~ ^ 

205 * 

2Z0 325 

« ™ «. - a to 115 561 910 ss 

235 

~. « «r -J »•»«—■• K ~ ~ *• SS " 

25w 

_ „ Val Pho a^g He Arg Cye Met *ye 6lu 

x« Iff* **° gj ™ GXu ^ Z75 280 



tr-rrv ser Glu Sltt 8er lle 

asp aiy si? *** Trp Ser |S Irp 3 295 
M «. m u> » J- - «• ~ E " To ^ * ™ 



300 »« 



. aw* Thr TTal Glfl LeU V&l Trp 

F ro sex Sle Thr Gin Oly Tyx Arff Tbr V|i 33Q 



asp Fro sex »o -^n 325 

315 „ _ 

_ p„ Ph. «. »a «» « »• »- — «« ™* 

H. «u «r l!p *. £ -» W 161 IS — 



380 385 
«o ». C «P - --^^ *" IS ** *~ *" « 



39S _ 

». »» ». — »» »- «• « **" — ,M «a 

415 
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Se. Val Ly. Xye Tyr U. i« Glu Trp Cys Val Leu Ser Asp Lys Ala 

• 430 435 
Pro Cys ne Thr Trp Gin Gin Glu a*p Gly Thr vg Hi, Arg Thr ' 

4 4£ 450 
Tvr Leu Ax-g Gly A» Ala Cl» Sor Ly, Cys Tyr Leu II. Thx Val 

Thr mo Val Tyr Ala Asp Gly Pro Gly Ser Pro Glu ser He Lys Ale 
47S 480 485 

Tyx Leu Lys Gin Ala Pro Pro Ser L ya Gly Pro Thr Val Arg Thr Lyn 
495 3UU 

I,. val Gly Ly« A« Glu JO. Val Leu Glu Trp Asp Gin Leu Pro Val 



310 



Asp val Gin Asn Gly Phe He Arg Asn ryr Thr lie Phe Tyr Arg Thr 
525 530 535 

lie lie Gly A,« Glu Thr Ala Val A.n Val *, P S« Sor Hi, Thx Glu 



540 



Tyx Thr Lau Ser Ser Leu Thr Ser Asp Thr Leu Tyr Met val Arg Mej 
555 560 

Ala Ala tyr Thr Asp Glu Gly Gly ly- A*P Gly Pro Glu Ph. Thr »fa. 

575 05U 

Thr Thx Pro Ly, Ph* Ala Gin Gly Glu lie Glu Ala lie Val Val Pro 
590 *°° 

Val cys Leu Ala Phe Leu u» Thr Thx Leu Leu Gly val *.« Phe Cya 

605 

Phe A« rye Arg A. P x«. Ho Ly, ly* His He Trp Pro Asn Val Pro 

620 625 
Asp Pro Ser Lys Ser His lie Ala Gin Trp ser Pro His Thr Pro Pro 
635 640 64 

axu Hi. Asn Phe Asn Oer Ly, A„p Gin £t Tyr to. Asp Gly Asn Phe 
p 655 660 



Thr Asp val Ser Val VH Glu He Glu Ala Asn Asp Lys gj Pro P*e 



670 "5 

Pro Glu Asp Leu 
£65 

(2) INFORMATION FOR SEQ * D MO:3« 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 705 base pairs 

(B) TTPE: nucleic acid 
<c) strandedneSS: single 
(D) TOPOLOGY; linear 

(ii) MOLECULE XTPE: CP1QA to niKNA 
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(iii) Hp0XSETlC&2i: NO 
(iv) NO 



(via-) XMMBDI&3K SOURCE? 

(B) CLONE: UigGlTc 

(&} CDS 
CB) LOCATION: 1..699 



(jrf.) SEQUENCE DE8CR1PMOMI SBQ H> »0--3; 

nar ACT CAC ACS. TGC CCA CCG TCC CCA Gp. 

1 5 

_ _„ ecfi Tca> CTC TIC CTC TTC CCC CCA AAA CCC 

_ - rr CC m caG CTC ACA TGC GTG GTS 

S-SSS2S2SSSS-S*"— 

OXG GT c jj^g TTC AAC TGG TAC GTG 

•2 2S !S J5 £ !S 12 S £ ». — ^ 

SO 35 

asp tip lo« J*£ Ql y Ly3 y * * 110 

_ ^ • „_ ,m r TCC s»r GCC AAA QQS C&G CCC 

2 £ E £ £ S£ £ f £ £ £ s «» - 

us 120 

130 135 

_ ___ _„ e GTC »jia GGC TIC TBI CCC JM3G 



- - AM? GGG CAG CCC GAG AAC AAC TAC 

165 



48 



96 



144 



192 



240 



288 



336 



384 



433 



400 



326 
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AAG ACC ACG CCT CCC GTG CTG GAC TCC GAC GGC TCC TTC TTC CTC TAC 576 
la/s Thr Thr Pro Pro Val Leu Asp ser Asp Gly Ser Phe Phe lieu Tyr 
180 185 190 

AQC AAO CTC ACC GTG GAC AAG AGC AGG TSG CAG CAG GGG AAC GTC TTC 624 
Ser Lys leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly A3n val Phe 
135 200 205 

TC& TGC ICC GTG ATG CAT GAG OCT CTG CAC AAC CAC TAC ACG CAG AAG 672 

So? Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys 
210 215 220 

AGC CTC TCC CTG TCT CCG GGT AAA TGAACTAGT 705 
Ser Leu 8er Leu Ser Pro Gly Lys 
225 230 

(2) INFORMATION FOR SBQ ID NO: 4: 

<±) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 232 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: protein 

<xi>. SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Gl« Pro Arg S«r Cya Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala 
1 5 1° 

Pro Glu Leu Leu Gly Gly Pro ser val Phe Leu Phe Pro Pro Lys Pro 
20 25 

Xry-3 Aap Ihr Leu Met Ho Ser Arg Thr Pro Blu V»l Thr Cys Val Val 
35 *0 45 

Val Asp Val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val 
50 S5 60 

Asp Gly Vel Glu Val Hia Aan Ala Lye Thr Lye Pro Arg Glu Glu Gin 
65 70 7 5 80 

Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin 
85 90 » s 

Asp Trp Leu Asn Gly Lys ASp Tyr Lys cys Lys Val Ser Aan Lya Ale 
100 105 110 

Xeu Pro Ale Pro Met Gin Lya Thr He Ser Lye Ala Lys Gly Gin Pro 
" 115 120 125 

Aro Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr 
130 135 140 

Lys Asn Gin Val Ser Leu Thr Cya Leu Vel Lya Gly Phe Tyr Pro Arg 
!« 150 155 160 

Hie He Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu AS» Asn Tyr 
165 170 175 
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» „.i i_u abp S.r asp Sly S^r Phe Phe Lfeu iyr 
is-c Thr Tlur Pro Pro Val X*« *ep p * lM 

,« ^ _ - *» ^ « j- - - - »- SI *- ~ ske ' 

« «. ser vai mc *. ». - - «• *» £ * m ^ 



210 215 
Ser MB Ser Leu Ser Pro Cly I*s 

(2 ) jhtokmasioh tor bbq id moi5« 

(il SEQUENCE CHAIUVCTERISCICS: 

CAJ i^NGTH: 3182 base paira 

(B) TT^B: nuel*io acid 

(C) str^dEDNESS: single 

CD} TOPOLOGffr linear 

{JiJ MOlECDIiB TX*Zi CDNA to nW» 

CiilJ EJPQTHETTCEI*: NO 

(it?) ASTI-SENSE: WO 

(v) FRAGMENT TXEE: N-texain»l 

/ v £) ORIGINAL SOURCE: 

(r> tissue TWKs bvman placenta 

fvii) IMMEDIATE* SOTOCR: 

(B) CLONE: pHLIFR-65 

(iat) FEATURE: 

(&) N2lMB/K2Xx mat^peptidfi 

CB) LOCATION: 311..3162 

Ng) FEATURE: 

(A) HAMB/KBSf * CDS 

(B) LOCATION: 179- •3182 

(iat) FEATURE: ^ t . 

(A) NAME/KET; »ig_pcptido 
(S) iOCATION: 17S.-310 

fiat) FEATURE: 

(A) NAME/KEX: matjpeptide 
(B> LOCATION: 311 -.3182 



(ad) SEQUENCE DESCRIPTION: 8EQ ID NO:S: 

^^ca. ctsc^cxc xcco**™ »nc» ocua*** 60 

^3,^ CCKTSC** n» ca^ccMT ^tcct ^ccc*** < *" 
o^^mo. cc«c«ca OCMTCSTC GCCCTCO^ »«ig=» wacvaG 



120 
178 
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ATG ATG GAT ATT TAC 6TA TGT TT6 AAA CGA CCA TCC TGG ATG GTG GAC 226 
Met Met Asp lie Tyx Val Cys Leu Lys Arg Pro Ser Trp Mat Val Asp 
-44 -40 -35 ~ 30 

AAT AAA AGA ATG AGG ACT GOT TCA AAT TTC CAG TGG CTG TTA TCA ACA 274 
Aen Lye Arg Met Arg Thr Ale Sex Aen Phe Gift Trp leu Leu Sex Thr 
-25 -20 -15 

TTX AT5 CTT CTA TAT CTA ATG AAT CAA GTA AAT AGC CAG AAA AAG GGG 322 

the He Leu Leu *■* Asa 61a Vftl Aan Ser Gln XyS 61y 

-10 -S 1 

GCX CCT CAT GAT TIG AAG TGT GTA ACT AAC AAT TTG CAA GTG TGG AAC 3"»0 

Ala Pro His Asp Leu Lys cys val Thr Asn Asn Leu Gin val Trp Asn 
S 10 is 20 

TGT TCT TGG AAA GCA CCC TCT GGA ACA GGC CGT GOT ACT GAT TAT GAA 418 

Cys Ser Trp Lys Ala Pro Ser Gly Thr Gly Arg Gly Thr A8p Tyr Giu 
25 30 35 

GTT TGC ATT GAA AAC AGG TCC CGT TCT TGT TAT CAG TTG GAG AAA ACC 466 
val pya He Glu Asn Arg Ser Arg Ser Cys Tyr Gin Leu Glu Lys Thr 
* 40 "45 50 

AGT ATT* AAA ATT CCA OCT CTT TCA CAT GOT GAT TAT GAA ATA ACA ATA 6X4 
Ser He Lye Ho »«> Al» Leu Ser His Gly Asp Tyr Glu lie Thr lie 
S3 60 65 

AAT TCT CTA CAT GAT ITT GGA AGT TCT ACA AGT AAA TTC ACA CTA AAT 562 
- Asn 6er Leu Hie Aep Phe Gly Sex Sex Thr Sex Lys Phe Tax Leu Aen 
70 75 80 

GAA CAA AAC GTT TCC TTA ATT CCA GAT ACT CCA GAG ATC TTG AAT TTG 610 
Glu Gin'- Aen Val Sex Leu He Pro Asp Thr Pre Glu lie Lau Asn Leu 
85 90 95 100 

TCT GCT GAT TTC TCA ACC TCT ACA TTA TAC CTA "AAG TGG AAC GAC AGG 638 
Ser Ale Aep Phe Sex Thx Sex Thr Leu Tyr Leu Lye Txp Aen Aep Arg 
105 HO " 5 

GGT TCA GTX TTT CCA CAC CGC TCA AAT GTT ATC TGG GAA ATT AAA GTT 706 
Gly Sex Val Phe Pro His Arg Sex Asn Vel He Trp Glu lie Lye Vel 
* 120 125 130 

CSA CGT AAA GAG AGT ATG GAG CTC GTA AAA TTA GTG ACC CAC AAC ACA 754 
Leu Arg lys Glu Ser Met Giu Leu Val Lye Leu Vel Thr Hie Aen Thx 
' 136 KO 145 

ACT CTG AAT GGC AAA GAT ACA CTT CAT CAC TGG AGT TGG GCC TCA GAT 802 

Thr Leu Asn Gly Lys Asp Thr Leu His His Trp ser Trp Ala ser Asp 
a50 155 160 

ATG CCC TTG GAA TGT GCC ATT CAT TTT GTG GAA ATT ASA TGC TAC ATT 850 
Vet Pro Leu Glu Cys Ala He His Phe Val Glu He Arg Cys Tyr lie 
1M 170 175 180 

GAC AAT CXT CAT TTT TCT GGT CTC GAA GAG TGG AGT GAC TGG AGC CCT 898 
Asp Aen Leu Hie Phe Ser Gly Leu Glu Glu Trp Ser Asp Trp Ser Pro 
185 190 195 
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1186 



1234 



' m _^ E „ r _, aim sci CAC ACT IAS GTT TTT CCT 

SSSS2522 Sf - «. - ~ 

-r^ f3AC AT&. ACA TTT TGT TGI GTG 

2lS "° 

sssssssssss'ssssss 

230 235 

ssssssssssssssss. 

245 250 

SBSSSaSSSSCSSgBS 

280 

«r ^ CM! GM TTA AAA GAA BIT ATA TOT AST 
295 300 

-sssssasssssssas 

n.mm «-i cci iu IM GTT AGA CTT AAA ASA 

Jg 330 33S 

xsc TAT CAA TO OTA TTT CAA ATG CTT 
CCT SAA GCA CCT ACA AAC GAA MC.W ^ ^ ^ 

jl» SUl Ala Pro Sh* Asa ser xyr 3S5 
345 

- »m- OTG AAT CCT CAC AAT CCG CT© 

g S £ 2 £ ^ « S S 5 - - - - 

r 3E0 365 

»c!P BAA AAA GTT TAT 

SSSS£-S£SSSSS!S g - — 

Pro His TUX Pro mr 3«r Pbe lya v«j. y ^ 4(J0 

™„ rrs «rr AAC TXT CCA AAG ATT AAT TTT 

405 410 

™ «nr* AAT TCL GTZk CftA 6*3 CAG COG 

as as a; "-"-"-si 1 * 



946 



994 



1042 



1090 



1282 



1330 



1376 



1426 



1474 



1522 



1570 



1616 
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„„ • GGA 6 TA GAA iAT TCA AGT TAT CTT GTT GCT CTG 

£ 5£ SSSS Si «. » »« »~ *« ~ »• *° 

440 445 

aie AAG TIA AAT CCA TAC ACT CTA TAT ACT TTT C6G ATT CGT TGT TCT 
2 aIh fro Tyr Thr Leu Tyr Thr Pfce Arg jl. A** Cy* 8.x 



435 4€0 



assBSSSSSSSSssss 

470 47S 

-SS£S252SSSSS£SSS 



48S 



M « K. .» M «A »T TTA » «C »T » ». CCT « CCC 

Trp Ser Ser Asp Gly Lys Asa X«u He He Tyr irp y ^ 



505 



ATT AAT <^ GCT AAT GGA AAA ATA CTT TCC TAC AAX GXA TCC TOT TCA 

lie Asa Gin Ala ash Gly i<ya H« *•« Ser Asn 530 

535 540 
^ OCA GAG ATA CGA CTT GAT AAG AAT GAC TAC ATC ATC AGC GTA GTG 
5£ Ala Glu lie Arg Le» Asp I*s Asn Asp Tyr lie He Ber v*l Val 

5 55 



«rr AX* AAT TCT BTG GGC TCA TCA CCA CCT TCC AAA ATA GCG AGT ATG 
SI i5 IS" I" ?L Gly Ser Sex Fro Fr 0 ... X*. He Ala Ser Met 
365 570 575 

s s ss ^ s ss e s sr. si s zl s § s 



585 



— 605 



600 



TAC GTC ATT AAG TGG TGT AAC TC3 TCT COG TCG GAA CCA TGC CTT ATG 
Tyr Val lie lya Trp Cya A»n Ser Ser Arg ser faxu r» 

« g JS £! 52 £ S5 ™ S £ 

Asp Glu ?He Arg *ro Gly He *x 9 ^yr abh ™ ^ 



jiQJi AAT CAA GGA TAT CAA TTA TTA CGC TCC ATG ATT GGA TAT ATA GAA 
Arg Aan Gin Gly Tyr Gin Leu Leu Arg 3er Me* He «y *y ^ 
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„ __, -»n. TTC ACT GTT GAG SAT ACT TCT 

Si 2 S 5 £ E SSSS.* ~ - £ - - . 

680 685 

R « c mm CCT GTG GBA GAA CTX 

?* S 2 S JJS 5 ^ S So val <*« i- 

Ala Asp S« Leu y 70S 

_ „_ rp TO ttT S&C TXT GQA AAA GGfc »A AfiA 

£ S S - « " " S £ fl. ». .» =1» - 

710 715 

>rr fiTT TTA G&A TC& GGT CBX ICT QAC ftA A» 

SS5SBSSSSSa5S|gSS 

Gly dy val Ely Pro Gin Lys sex Met xy 7M 
775 7HO 

SSS2SSSS2225 SS " S 

lie val Off Val Val Tbr Scr II© *eu Jg y * 820 

805 8X0 

___ „ AC CM caff ATT CO UI CCA GAA AAC TGT AAA 

H» Ztf* Glu .a>hr she sjfr Pro Asp lie sro asb * g35 

m „ >rvr MC GijS CGX. AGC AGT GCT CTT 

s s s s " 55 £ s 651 - s ** «; teu ly * 

840 846 

— r-r-A xsm AAT GTT G&G GTT CTG GA& 

MS GAA ATS AAX CCT TOT ACC CCA AAT 6 Glu 

Leu Qlu Met *«» Pro Cya Thr PzO Asa Asn vai exj 
£55 odu 

870 875 

„ «* «c ess cc* « at OK tcr « «• £J £ "J — 

Val Ala Glu Arg pro Qlu Asp Sei asp ~» O00 

ROD 



883 890 

eie gct ore toc x^*. s^— ^ clu lle p^o asn 

val V*l Ser Tyr Qys Pro Pro He lie Glu «» «. ji9 
90S 
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CCA GCC GCA GAT GAA GCT GGA GGG ACT GCA CAG GTT ATT TAC ATT GAT 3106 
Pro A1B Ala Asp 6lu Ala Oly Gly Thr Ala Gin Val He Tyr lie Asp 
920 825 9 3D 

OTT CAO ICG ATG TAT CAG CCT CAA GCA AAA CCA GAA GAA AAA AAA AAA 3154 

Val Gin Ser Met Tyr Gin Pro Gin Ala Lys Pre Glu Glu Lys Lye Lys 
935 »40 9«S 

3182 

AAA AQC AGG TCG TCT CGT TCC AAG ATC T 
- Lys Ser Arg Ser Ser Arg Ser Lys lie 
950 955 



[2> INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1001 amino acids 

(B) TYPE: amino scid 
(D> TOPOLOGX: linear 

(ii) MOLECULE TYPE: protein 

(xiJ SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Met Mat Asp lie Tyr Val Cys Leu Lys Arg Pro ser Tip Met val asp 
_«« -40 -35 - 30 

Asn Lys Arg Met Arg Thr Ala Ser Asn Fhe Gin Trp Leu Leu Sex Th* 
_25 -20 "15 

Phe 11* Leu Leu Tyr Leu Met sen Gin Val Asn Ser Gin Lys Lys Gly 
-10 ~ 5 1 

Ala Pro Sis Asp Leu Lys Cys Vel Thr Asn Am> Leu Gin Val Trp Aon 
S 10 15 20 

Cve Ber Txp Ly. Ala Pro Sex Gly Thr Gly Arg Gly Thr Asp Tyr Glu 
25 30 35 

Val Cys He Glu Afln Arg Ser Arg ser cys Tyr Gin Leu Glu tya Thr 
40 45 ' 50 

Ser He Lye He Pro Ala Leu Ser Hie Gly A«p Tyr Glu He Thr He 
55 60 M 

Asn Ser Leu His Asp Phe Gly Ser Ser Thr Ser Lys Phe Thr Leu asn 

KLU Gin Asn val Ser Leu He Pro Asp Thr Pro Glu He Leu Aen Leu 
85 90 95 10 

Bex Ala Aep Phe Ser Thr Sex Thr Leu Tyr Leu Lys Trp Asn Asp Arg 
105 HO . 115 

Sly Ser Val Phe Pro His Arg Ser Asn val He Trp Glu He Lys Val 
y 120 1 2S 130 

leu Arg Lys Glu Sex Wet Glu Leu Val Lye Leu Val Thr His Aen The 
135 I 40 145 
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. T „ ai, trp Ser Trp Ala ser Asp 

Thr X*« MP Gly IffS Asp Thr Leu Hi* *P iw 

I 50 ~ • 

.n- ti« sis Pbe val 61u Ho A** Pys *y* Xl« 
Met Pro Leu em Qye Ale xi* Hx» P&e ^ l80 

165 

. • rin Tro S*r Asp Trp Ser Pxo 

X« His 2b. Ser Gly Le-Olu CIJ *xp ^ 

- He Pro Asp Ser Sin sax Lys v«l Fhe S*o 

Val LyS Asn gj »« Tl * 116 Pr ° Jg »» 

« i rw s-r asp H« ph * Val 

e i» Asp 1CT» val Jl» ^ gy 5«r A8P ^ 

215 " u 

_ «, ~ - - ~ » 01 MB ** ~ 

„ ile « - -J a » ~ ~ *" IS - " - *" % 

245 

s „ ^ s ~ ^ sg «, - - - - - - ~ SS 

^ a. ». jjj - ~ - - £ GWIyr "° S *" ~ 

^ i*u x.v» ciu lie He Cys sex 

ela Gin xe» Asn Cys Glu Tfcr tf. A*p L~ **• 30S 

295 

„ - »- « « ~ - - - " l ■* S 119 

^^^a.-™- * - - - ■» 
IT. a . » - ^ - - s « s >•» ~ - a ~ 

„ MO «. « =. * - - s - - ~ Bi * 55 Iro ^ 

— t«, vel He *hr Glis W» val Tyr 
Gin ser xnr lie l*» v&i 38S 



Sex Ifc* Ala 



dy Ass Sax GJX »ex ««. *— -~ 

Sso Els L Thr 6 « «h.- X*. Val I*S Asp lie A»» 

390 395 

_ p v, e Lys He As» P^e 

lye X.u sex Trp His Len Jro ely A a n £e Ala ^ 

405 

r. ^ « M cer val Gin Glu Qliv Arg- 
^ qys Glu lie Gg XXe ^ «df tS 

Qear* •TKrt LeU V&l J^- a 

*« ^ Ibt SI 617 val ^MS 450 

, Pro T7T TUX Leu Tyr Thr Bte Axg lie &rff Cy 3 Sex 

iop Lye Leu Asa Pro WX ™ * 465 

43S * 0M 
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Thr Olu Tor Phe Trp Ly* Trp fi« Ly* Tro Ser Asn Lys Lys Gin His 

470 ' «? 5 480 

teu Thr Thr Glu Ala Ser Pre ser Lys 61y Pro Asp Tbr Trp Arg Glu 
485 490 

Trp Ser ser Asp Gly Lys Asn Leu He lie *y* Trp Lys Pro Leu Pro 

SOS 510 

He Asn Glu Al. Asn Gly Lys He Leu Ser Tyr Asn Val Ser Cys ser 



520 



s « Asp Glu Glu Thr Gin Ser leu Ser Glu He Pro Asp Pro Gin His 

335 540 °" 

^ Ala Giu He Arg X~ *g V *•» JJJ 116 S « Val V&1 

ja. Ly. Aa» Ser val Gly Ser Ser Pro Pro Ser Lye He Ala ser w 
565 570 575 

61U He PXO ASH Asp Asp Leu Ly* He Glu Gin Val Val Gly Met Gly 

l« s Sly lie Leu Leu Thr Trp His Tyr Asp Pro Asn Met Thr Cys Asp 
* 600 605 610 

Tyr Val lie Lys Trp Cys ASH Ser ser Arc, Ser Glu Pro Cye Leu Met, 
X5 p Trp Arg Lye Val Pro Ser Asn Ser Thr Glu Thr Val lie Glu Ser 

Asp Glu Phe Arc; Pro Gly lie Arg Tyr Asn Phe Phe Leu Tyr Gly Cye 

643 650 

jug Asn Gin Gly Tyr Gl» Leu Leu Arg Ser Met He Gly Tyr lie Glu 

«L. Leu Al. Pro lie Val Ala Pro Asn Phe Thr val Glu Asp Thr Ser 

685 



ceo 



•Ala ASP Ser lie Leu Val Lys Trp Glu Asp He Pro Val Glu Glu Leu 
&r o Gly Phe Leu Arg Gly Tyr Leu Phe Tyr Phe Gly Lys Gly Glu Arg 
Aap Thr Ser Lys Met Arg Val Leu Glu Ser Gly Arg Ser Asp He Lyj 

Val Lys AS* He Thr Asp He Ser Gin Ly. Thr Leu Arg lie Ala Asp 

745 730 

ieu Gin Gly Ly. Tbr Ser Tyr His Leu Val Leu Arg Ala Tyr Thr Asp 

760 765 
Gly Gly val Gly Pro Glu Lys ser we* Tyr Vol vol Thr Lye °lu *•« 

7?5 
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-rn ■ T1 . via lie Leu lie Pro Vai Ala val Ala Val 
a** vai Sly i-« H» ^ e *J{ Ile Mtt 800 
790 7 " 



Val Gl* Val val x*r S« Xle H« «• J£ W ~* — 3 

— 83.0 

Z w «- - - * » ^ iie us M ° - 610 *~ s 198 

8Z5 

. &,fl Glu Gly Ser Ser Ala Len iffS 

Aia ten Gin Phe Gin Vcl g y 650 



640 

— - SK"— - ~ S ~ - ~ 

el „ »ep ihr dtJ He He Ser Pro 
Thr Arg ser Ala P*e Pro lya He «« **P fl80 

« M a « ^ *~ «. «- s - - st e " ro elu *" K 

6BS 

^ t»„» Tie lie Qlu cac Glu II© fro Asn 
VB 1 val Val S.r Tyr Cys Pro Pro IX. XI. ^ gw 



Sro ^ Aia ag «. ^ g ^ G1 " Val " e So 

vai ^ Ser Z **r Sin Pro «. Ala Pro «. «; ^ ^ 

935 9 * u 
w. ser Arg Ser ser Az ff Jer H* 

( 2) iwfoRMAaMOK FOR SSQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) liENGTBS 100 base pairs 

(B) TSPEs nuclaie acid 
(CJ STRANDBDHESS: double 
pj topoiXKKs linear 

(11) MoiiBcroE rxsE» daa* 

fxU SCCOENCB PBBCRIWXOM. SEQ ID NO:7: 

O^CAGGTGG AGGAGGTXCT QQAGGTQSAS GT TCCCGAAT 
( 2) TMFORMATION FOR SEQ ID NO;B: 

(i> SEQUENCE CTBRACtpiSlTCa: 
(A) IBMOCHi 36 b««e pairs 
(S) type: nucleic ada 

(C) 3TRRNDBDMB88J «i»ffle 
p> TQPDLOGX: linear 



60 
100 



I 
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(xi) . SEQUENCE DESCRIPTION: SEO ID NO: 8: 
GATATGTCGA CGATGATGGA TATTTACGTA TGTTTG 
\2) INFORMATION TOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 base pairs 

(B) TYPE: nucleic acid 
4C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

<U) MOLECULE TYPE: CDNA 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
GCATGGATCC ACCTCCTCCA 6AATTTTCCT TTGTCACCAC ATACATAC 
(2) INFORMATION FOR SEO ID NO;10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 b©5« poirS 

(B) TYPE: nucleic acid 

(C) STRANDBDNE33; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

<3Ci) SEQUENCE DESCRIPTION: SEQ ID NO:10: 
CGCGTCCGGA GGAGGTGGAT CT6AACTTCT AGATCCATGT GGTTATATC 
(2) INFORMATION FOR SEQ ID NO: 11: 

(il SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 baae pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS; aingle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 
GCATGCGGCC GCCTATTCAA TTTCTCCTTG AGCAAAC 
(2) INFORMATION FOR SEQ ID NO:12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH i 35 base pairs 

(B) type: nucleic acid 

(C) STRANDEDNESS i single 

(D) TOPOLOGY : linear 
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(ii) MOLECULE TXFES cDWA 

(xi) SEQUENCE DESCRIPTION: 6BQ H> NO*l 2i 
GMaTCTCCa CAAGATGTTS ACSITGCAQA CTTGG 
<2 ) zjWORMJkSIOH FOR SBQ ID N0:X3: 

liJ SEQUENCE CBM^CTEBISTICS: 

(A) T.TMflMt 41 base pairs 

(B) type i nucleic acid 

(C) SXRaJ9DBD»B38: oingrl* 
(D> TOPOLOGY: linear 

(3S 1, 8ECUENCB DESCRIPTION* SZQ ID NO:l3: 

eca^aarcc accsccTcar tcwtttctc CTTG&ecM& c 

(2 , jKTORa&JPIOH FOR SBQ H> NO-.14: 

CI) SEQUENCE characteristics: 
(A> LBNBTS: 44 base P**** 
(B> BXPEt nucleic acid 

(C) S HANDEDNESS 2 single 

(D) SOFOK>©fi li»»a* 

til) MoiiBCOiiB txpbx cram 

(5E 1) SEflOSNCB DESCRIPTION: SEQ ID NO: 14: 
CGCGICCG^ GGGGGCTCCT CATG 

(2) XNFORM&TION TOR 9BQ ID NOil5s 

(i) SEQUENCE CHaRACXERIBTlCSs 

(A) ISNGTH: 43 base pairs 

(B) TXPB: nucleic acid 

(C) strandeenesS: single 
(Dl TOPOLdGT: linear 

(ii) MOLECULE TXEB: CDSB. 

t xi) SEQUENCE DESCRIPTION: SBQ ID NO:"* 

gc&xqcgscc gcxaagaatt ttcctttgtc acc&c&taca tag 
(2) mroioaaiioH FOR seq m NOslS: 

(±) SEQUENCE CHARACTERISTICS: 
(A) LENGTHS 43 X»Sft pal» 
CB) T»Bs rmoleio acid 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: CDNA 

{Ki) • SEQUENCE DESCRIPTION: SEO ID NO:16: 
GCATABATCT GGGCTCAGAA TTXTCCTTT6 TCACCACATA CATAC 
(2) INFORMATION FOR SEQ ID NO ill I 

(i) SEQUENCE CHARACTERISTICS* 
(A) LENGTH: 38 base pairs 
<») T*FE: nucleio acid 
<C) strmjdedneSS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 



PCI7US92/10272 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO; 17: 
GCATAGATCT GGGCTCTTCA ATTTCTCCTT GAGCAAAC 
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fT,ATMS 

Yftat is daixned is: 

5 J. A receptor capote of Wading oncost « -» d ****** 

6 ^ COJ npia n sgpl30«v a ta.tIyEitedtoUF-Il. 

2 A r^tcr according to otaim 1, ^ ^ receptor con^s a 

covdently Bntal 10 UF-R vte apolypcpdife Hnker. 

4. Alecep «a-accc*ui» S .oeto3.'^ 
fcaan protein of the formula: 

Ri-L-Ka orRa-L-Ri 

^ ^,30. t>_ xeoresenis LIF-R; and L xepxwents a polypeptide 
20 wherein Ri xepiesents gpl30; Ka leprescii^ 

linker. 

5 A receptor according to data 1 — « ^ ^^'^ 

M asparajlne. serine threonine and aWe. 

6 A receptor according to claim 5 therein lie polypeptide taker 

^B^lys-Serte and (Gr^-Serfe, wharem > * 4-12. 
30 7 . Ania^DNAaaquawaar^gtoKC^cfclaim^ 

data 7* 

35 9 . Ahostcenconudnmgthee^^ 



15 



2004* 4AHB SHIMIZU PATENT OfFIOE NO. 7955 P. ///8ft 

PCT/US92/10272 

WO 93/10151 

69 

10. - A receptor according to claim 3, comprising a first fusion polypeptide 
that comprises an antibody Fc region polypeptide attached to the C-iermlnus of.gpl30, 
aud a second fusion polypeptide that comprises an antibody Fc region polypepnde 
Buacbed to the ^terminus of LIF-R, wherein said first fusion polypeptide is linked to 

3 said second fusion polypeptide via disulfide bonds between the Fc region polypeptides. 

11. A receptor according to claim 1,4, or 10, wherein: 

a) said gp!30 is encoded by an isolated DNA selected from the group 
10 cor^tmg rfa first DNA sequence cor^^^ 

a BeC ond DNA sequence comprising nucleotides 310-2369 of SEQ ID NO:l, and a 
Xbird DNA whence that will hybridize to said second DNA sequence under moderately 
.stringent conditions; and 

j 5 b) said LIF-R is encoded by an isolated DNA selected from the group 

consisting of a first DNA sequence comprising nucleotides 179-3182 of SEQ ID NO*, 
a second DNA sequence comprising nucleotides 31 1-31 82 of SEQ ID NO:5, and a 
thirdDNA sequence that will hybridize to said second DNA sequence under moderately 
stringent conditions. 

20 

12. A receptor according to claim 10 wherein said gpl30 is a soluble gpl30 
polypeptide and said LIF-R is a soluble LTF-R polypeptide. 

13. A fusion protein comprising an antibody Fc region polypeptide attached 
25 to the C-tenninus of a soluble gp!30 polypeptide. 

14. An isolated DNA sequence encoding a fusion protein according to claim 

13. 

30 15. A fusion protein comprising an antibody Fc region polypeptide attached 

to the C-terminu$ of a soluble LIF-R polypeptide. 

16. An isolated DNA sequence encoding a fusion protein according to claim 

15. 

35 

17. A homodimeric Teceptor comprising two fusion proteins according to 
claim 15, linked via disulfide bonds between the Fc region polypeptides. 
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is" A process for preparing a receptor according to claim 4, conspriring 

ST^dc. said fusion protein under cocoas that promote expre^on of sa* . 
5 fusion protein, and recovering said fusion proton. 

19 A process for preparing a receptor according to claim 10. comprising 
^fmrfn> a host cell co-tranrfected with a first expression vector encoding said first 

10 polypeptide under conditions that promote expression of 531 d first and second funon 
polypeptides, and recovering said receptor. 

20 A pbamuceuftri .omoosMon for rating • toorfer a**"* % 
ooeosutiii M or LIP, comprise *. receptor of claim 1, 4. 10, or 12, B»d * smmbl* 

15 diluent or canier. 
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7IGURE 6 
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